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This generic western coal region model (WCR) was orepared to 

investigate possible applications of system dynamics simulation 

modeling (Forrester/ 1Q61J 1968) to the regional EIS process. 

It is intended as a tool for research and perhaps a starting 

point for further work. It is not intended for actual 

application in.its present form.

The model is driven by user selected coal development 

scenarios and" impacts are simulated in the mining* land/ water/ 

demographic/ political/ and environmental sectors. Interaction 

are based upon hypothesized causal relations. Provision is made 

for system delays and feedback effects among the sectors. All 

variables (such as electric generation capacity/ industrial water 

use/ number of miners/ sulfur dioxide emission) are summed or 

averaged over the region. The model has a time horizon of 30 

years (197C-2POQ).

Members of the Northern Powder River Basin EIS Task Force 

reviewed this model during our research effort. We believe that 

the task force benefiteb from exposure to this system dynamics 

model perspective/ but the preliminary status of the modelina 

effort precluded formal application of it to this EIS. The EIS 

task force was not able to commit extensive staff time to this 

experimental effort. The time reauired for refinement and 

adjustment of a model for the Northern Powder River region 

extended past the time by which the task force was required to



complete its assembly of analytical tools and information and 

proceed with its analysis and writing of the statement. 

Prospects for future use of system dynamics modeling in support 

of EIS preparation by the Geological Survey are uncertain. The 

collaborative effort between the modeling research team and those 

concerned with EIS preparation lasted one and a half years. No 

further exploratory efforts are active at this time* although 

they may be reinstitute 1 after the professional community has had 

the opportunity to evaluate and critique the modeling effort.

The five county region of southeastern Montana (Bighorn* 

Custer* Powder River/ Rosebud and Treasure Counties) was used as 

a source for much of the data. In many cases where data was not 

readily available* other sources or estimates were used. In 

addition* where specific information was not available we chose 

to hypothesize the nature of some causal relations rather than 

omit them from this experimental model.

The model source code was written for the Honeywell Multics 

system. The main orogram and most of the subroutines are in "old 

fortran"; one (wcrcat) is in PL/1. The overall structure of the 

model is shown in the figure on the following page.
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c ************ Western Coal Region (08-26-77)************
c
c This is the "main" program for the western-coal regions model.
c Its major functions are to call the various sector subroutines as
c needed/ store the proper calculation for the output* and to
c construct the output tables and graphs. It also includes a few
c data statements* but like all other constants* these can be
c altered by the set statements.
c
c A detailed understanding of this master program is not needed in
c order to run the mo"iel.
c
c To run the model: Type "ec wer" (terminate all lines with
c a "return")
c program wcrcrd (subroutine output) prompts "n: M .
c Type "0" to set new plot variables
c "5" to retain plot variables from previous run (if any)
c or "99" to stop
c
c wcrcrd (subroutine wcrcat) then prompts "type show* set* or run"
c "show" is used to examine constants and is terminated by " * "
c for example:
c type show* set* or run: show
c show: c(1C)
c c (10) = 5.0
c show: ;
c type show* set* or run:
c
c "set" is used to change constants. Changes remain in effect
c until reset or the run is terminated. "set" is also
c terminated Dy ";" .
c for example:
c type show/ set* or run: set
c set: c(10)=7.0*tc(*)=3.5*switch(99)=i;
c type show* set* or run:
c note* switch(99)=1 turns on the table printout
c
c "run" is used to beqin execution
c i
c *************** start program statements *************************

conmon time
corrmoh/dt/dt
common /t/ tnam(75)/tmxx(35)*ttim(35)*tent(35)
common/graph/put*max*min*flo*fup*opsym*i i *nput
coir, mon/sys terr/v( 1000 )*cd 000) *tc( 1000) *t1
common/energy/ct ime
common/swi tch/swi t c h ( 1 0 0 )
integer switch
integer indgc* Indgo/ wtrgo* de-riqo* oolgo* envgo
integer op syrr (1 0) * i i (1 0)
rea T flo(10)*fup(10)
real put(10)*max(10)*min (10 )



c model termination date/ iteration time interval/ and 
c time between ordering decisions.

tstop=2GPQ.O
dt=0.1
t1=1.0 

c time after which development scenario is held constant
cti me = 0.0 

c data needed for clot routine
nor i nt S 10
nput=6 

c default value for coal development scenario being simulated
ncdp=6 

c 
c ------------------------------------------------------  

c switch array (0 is off/ 1 is on)
c

do 5 i=1/10C 
swi tch(i)=0

5 continue 
c
c subroutine switches (0 is off/ 1 is on) 
c

indgo=1
wt rgo=1
lndgo=1
d e rr« g o = 1
polgc=1
envgo=1
mi ngo = 1 

c
datamincjo/1/ 

c output a r rays 
c

do 6 i=1/10
flo(i)=0.
fup(i)=0.

6 con t i nue 
c
c set output symbols 
c

data opsym/C/M ' /'?' /'Z'/'A ','?',4*'  / 
c -   ----------------------------------------------------
c initialize constants 
c

call wcr co 
c
10 cont i nue 
c prompts for 5 variables to be clotted

call out out < i i) 
c 
c initialize dictionaries

call indie
do 305 i=1/35



305 tnam(i)=0.0
do 315 i=1,10
max(i)=-1.Oe10
min (i )=*1 . Pel 0 

315 con t i nue 
c
c initialize variable array 
c

do 101 i=1,1000
v(i)=0.0 

101 con t i nue 
c initialize levels 
c

call wcrin
time=197P.O 

c
c following statement permits the use. of set statements to 
c alter constants/ initial values/ default values/ etc. 
C for any given simulation, (see instructions for making 
c simulations). Subroutine wcrcat is written in oil. 
c

call wcrcat (v /c 1 1c * switch/ncdo/fIo/fup/tstop/ctiwe) 
c
c tpy is an abbreviation for tons per year 
c initial synthetic fuel rapacity million tpy

v(14)=energy(3,ncdp,1970.0)/c(?) 
c initial electrical generation nominal capacity toy

v(55)=energy(1,ncdo,1970.)/c(38) 
c initial coal export capacity million tpy

v(8Q)=en«rgy(2,ncdo,1°70.0) 
c initial coal mine capacity million tpy

v(825)=totccl(ncdp,1970.0) 
c ----------------------------------------------------

k rate=1
go to 500 

c 
20 con t i rue

V-put = 1
go tc 600 

c 
40 continue

if(time.ge.tstop) goto 95
krate = 2
kput = 2 

50 continue
kpr=0 

55 time = tirr:» + dt
go to 500 

c 
70 c on t i nue

kpr=kpr-H
ifCkpr .le. nprint-1) goto 55
go to 600



c
90 con ti nue

if(time .It. tstop-dt) 50 to 50 
c - ------------------------------------------ 
95 con t i nue

if (switch(99).ec.1) write(21,98) 
98 formatC 014')

rew i nd 20 
c

call graph 
c

go to 10 
c -----------------------------------------------------
c preliminary output subroutine
c
600 continue
c
c put(+)=output var
c

put(1)=t i me
do 700 i=^/nput-1
put (i +1 ) =v ( i i (i ) ) 

700 continue
do 620 i=?*nput
if(max(i).lt.put(i)) max(i)=put(i)
if(min(i).gt.put(i)) min(i)=put(i) 

620 con t i nue
write(?0) (put(i) f i=1*nout) 

c 
c for output table* set switch(39)=1

if(switch(99).ec.1)write(6*99)(out(i)*i=1/nput)
if(switch(99).ea.1)urite(?1/o°)(Dut(i)*i-1/nput) 

99 formatdh ,6f10.?) 
c

qo tc (40,90)/ kput
c
c ___-____-_____-__-_-_______-___----_-________-__-_
c
500 cont i nue
c
c sector subroutines
c

call wcrind(ncdp/indgo)
call wermin(ncdp^mingo)
call wcrwtr(wtrgo)
call wcrdem(demgo)
call we rInd(Indgo )
call werenv(envgo)
call werDO I(polgo/ncdp ) 

c
90 to (29/70)* krate
end



c ************** Industry Sector (OS-26-77) *************** 
c
c This sector simulates the growth c* the coal industries in the 
c region* so as to provide Hata for impacts of these industries in 
c other model sectors* and to accept feedback which may influence 
c the growth of the industries. The sector is divided into three 
c subsectors: synthetic fuel production* electrical generation* 
c an^ coal export. There are three orinciple exogenous inputs to 
c the sector: these are the assumed scenarios for synthetic fuels* 
c electricity* and for coal export capacity in the reqion. These 
c exogenous variables are the primary "driving forces" of the model 
c and thus determine the relative magnitude of development* 
c i mpa cts* etc. 
c
c The decisive process for each of the subsectors is the ordering 
c and construction of new facilities. It is assumed that the 
c scenarios represent economically and/or politically 
c ^"desirable" -levelopments which utility management will try to 
c attain. However* the desired rates of accuirinq new capacity 
c may be modified by several other factors* such as 
c "political climate" for industrial growth* labor shortages* water 
c shortages* etc. 
c
c The basic unit of energy is on* trillion tons of coal (at ° 0 0 0 
c btu/lb). In addition* for the electrical generation subsector 
c the model also calculates the number of "standard 1QCQ megawatt 
c electrical generation (mwe) plants"* and for the synthetic fuel 
c subsector the number of "standard 250 million standard cubic feet 
c per day (scfod) plants".

c The following text generally describes all three subsectors.
c The program begins in each subsector by calculating scenario
c planned capacities v ( 3 ) *v(3P)*v (73 ) for each of the industries by
c calling the function "energy" which contains the data for the
c scenarios being modeled. Note that these three calculations are
c made for times tc(3)* t c ( 3 P ) * an-i tc(73) into the future; these
c planning horizon time constants are the perceived times for
c construction of the three different types of facilities. For
c synthetic fuels and electrical generation the scenarios must be
c divided by the nominal capacity utilizations of these two
c industries* c(3) and c(3?)* since the scenarios are for energy
c output and the model uses plant capacity. The model
c assumes* for planning purposes* full use of export
c capacity. By setting switch (02) to a value of 1* the model will
c transfer all demand for energy to the exoort sector, 
c
c The next actions are to determine construction* planning* and
c regulatory delays that may be influenced by labor shortages and
c political climate for industrial growth* and to set the delay
c variables in the subsectors. Following this* the model
c determines plant and capacity depreciation rates. In the case of
c electrical generation the plants are derated rather than
c depreciated since older plants are generally used less and less



for base load as they age.

The variables which initiate ordering are the capacity initiation 
rates v(5)/v(40)/v ( 75 ) . They are calculated from the deficit 
between scenario olanned caoacities and what is exoected to be on 
line at the olanning horizon times (present caoacities plus those 
in planning and construction less those that will have also been 
depreciated). These rates can also be influenced by possible 
coal shortages and may be influenced by water shortages/ if 
desired (by setting switch (01) to 1). Lastly/ t*e 'subsectors 
calculate future coal needs to be used for coal mine planning in 
the iri ne sec tor.

applicable switches in the sector (default value is C = off)

switch number function
01 hypothetical water shortage feedback
0? total .export ootion
40 political climate feedback
04 construction labor shortage feedback

**************** start program statements ***************

subroutine wcrind(ncdp/indgo) 
integer i ndgo

common st a t ement s
 com-non/system/v (1000)/c (1000)/tc (1000)/t1 
common time 
cormon/dt/dt

switch statements
corrmcn/swi tch/swi tch (100)
integer switch

if indgo=0/ subroutine is not executed. if indgo=1 (de 
fault value)/ subroutine is executed for all iterations, 
if indgo=-n/ subroutine i's executed for n iterations only.

if(indgo.eq.0) return
if(indgo . gt.0) go to 10
if(indgo.It.0) indgc=indgo* 1 

0 con t i nue

coal mine planning ^lay plus regulatory -ielay years 
(minimum planning time plus maximum regulatory delay 
times Fermi function of political climate index. 
Fermi has a value of 1/2 at an index of -0.1)

pci =c(4?0)
if(time.gt.1970.0) pci=v(4?0)
v(819>=tc(819)+tc(818)/(1.0+exp((oci+0.1>/0.15>>
tc(807)=v(819) 

coal mine construction delay time (nominal time divided

10



c by one less the fractional constructional labor
c shortage) years
c

v(8?6)=tc(826)
if(v(23?).lt.0.0) v(232)=0.0
if(switch(04).eq.1) v(826)=tc(*26)/(1.0-v(232)) 

c 
c ------------------ synthetic fuel subsector ----------   ---   --
c
c tpy is an abbreviation for tons per year
c synthetic fuel scenario (output) million toy

v(1)=enerqy(3*ncdp/time)
c syn fuel scenario planned capacity million tpy (tcsf is the 
c planning horizon time/ tc(?)/ shortened by the Fermi function 
c for times near the model starting tim**)

tcsf=tc(3)*(1.C-(1.a/(1.Q+exo((time-1970.0)/1.7))))
v(3) = c(2)*energy(3*ncdp*tiTie + tcsf)/c(3) 

c total export option
if(swi tch(02).ea.1) v(3)=0

c synthetic fuel planning ielay olus regulatory ielay years 
c (see also analagous note for coal mine planning delay)

v(22)=tc(?2)+tc(21)/(1.C+exp((Dci+0.1)/0.15))
tc(6)=v(22)

c synthetic fuel construction -Jelay tinre (nominal tine ^ i v i d e ~l 
c by one less the fractional construction labor shorace) years 
c (the total delay is apportioned into the three delay macro 
c functions in a manner to better model the construction 
c D roc ess )

v(26)=tc(?6)
if(switch(Q4).ec.1) v ( 26)=tc(26)/(1.0- v ( 2 3 2 )) 

c synthetic fuel construction time constants years
tc(S)=C.1*75*v(26)
tc(1C)=0.1875*v(?6)
tc(12)=0.6250*v(26)

c synthetic fuel water shortage multiplier (hypothetical) 
c (modeled as the sine squared of^ the fractional water to industry)

v(23)=1.0
if(switch(01).ec.1) v(??) = (sin(vCU3)*3.1415Q/?.0))**2. n 

c initialize synthetic fuel capacity in planning and in construc- 
c tion to steady state in 1970 (for syn fuel/ nothing is assumed 
c to be in planning or in construction in 1970)

if(time.gt.1970.0) go to 20
vtemp1=O.Q
v(6)=delay3( l v5 l /vtemp1/tc(6)/v(7))
v(8)=delay3('v6',vterr.p1,tc(8),v( <?))
v(10)=delay3( l v?'/vtemp1xtc(10)/v(11))
v(12)=delay3('v1C l ,vtemp1,tc(12),v(1?)) 

20 con t i nue 
c initialize coal shortage allocation function(assume no shortage in 1970)

if(time.eq.1970.0) v(823)=1.0
c synthetic fuel olant average lifetime years (initialize as 
c if all previous plants were new in 1970)

tc(16)=tc(15)/2.0

11



tc(1P)=tc(15)/2.Q
if(time.eq.1970.H) v(16)=dlinf\('v12'*0.0,tc(16))
if(time.at.1970. CO v(16)=dlinf3('v12'*v(1?),tc(16))
v(1S)=dlinf3('v16',v(16),tc(18)) 

c synthetic fuel capacity depreciation rate million toy/year
v(15)=v(18)

c synthetic fuel capacity in construction million tpy 
c (v(9)* v(11)* and v(13) are the capacities within the delays)

v(25)=v(9)+ v m )+v(1 3)
c synthetic fuel future capacity deficit million tpy 
c (if an excess is evident* the deficit is taken as 0)

v(O=amax1(v(3)-(v(14)+v(25)+v(7)-v(15)*tc(?)),0.0) 
c synthetic fuel capacity initiation rate million toy/year 
c (the functional relationships are to prevent unreal 
c ordering rates even when deficits are very larqeJ c(5) is max rate)

v(5)=v(??3)*v(23) + (c(5)+sir(1.11*vU)/c(5))/t1)
if(v(4).gt.1.A2*c(5)) v(5)=c(5) 

c synthetic fuel construction initiation rate million toy/year
v(6)=delay3('v5',v(5),tc(6),v(7))

c synthetic fuel capacity coming on line million tpy/year 
c (that is* the amount coming out of the last delay macro* v(12))

v(£)=delay3('v6',v(6),tc(8),v(9))
v(10)=delay3( l v8 l *v(8)*tc(1D*v(11))
v(12)=delay3('v10 l *v(10)*tc(12)*v(13)) 

c synthetic fuel standard plants (number)
v(20)=v(14)/ c (2C) 

c synthetic fuel standard plants under construction (number)
v(2S)=v(25)/c(20)

c synthetic fuel future coal capacity million toy 
c (present caoacity  *  current mine planning and construction 
c delay tirr.es multiplied by the difference between current 
c synfuel plant comoletion and depreciation rates times the 
c nominal caoacity utilization factor. This number is used 
c for planning new coal mine deve I oorcent )

v(24)=(v(l4)+(tc(807)+v(826))*(v(12)-v(15)))*c(?) 
c synthetic fuel current coal needs million toy

v ( 27)=v(14)*c(3) 
c 
c synthetic fuel capacity level equation million tpy

v(14)=v(14)+dt*(v(12)-v(15)) 
c 
c -------------- electrical generation subsector ----------------
c
c electric generation scenario (coal input) million tpy

v(37)=energy(1*ncdp*time)
c electrical generation scenario planned caoacity million toy 
c (see~also the note for analogous synfuel statement)

tceg=tc(38)*(1.0-(1.0/(1.0+exp((tirre-197n.0)/1.7))))
v(38)=c(36)*energy(1*ncdD*time+tceg)/c(3?) 

c total export option
. if(switch(C2).eo.1) v(?P)=0.0

c electrical generation planning plus regulatory delay years 
c (see also the note above for analogous coal mine delays)

12



v(56)=tc<56)+tc(55)/(1.C+exp((rci+0.1)/0.15))
tc(41 )=v(56)

c electrical generation construction delay function (including 
c labor shortage effects years (see also the note for 
c analogous synfuel statement)

v(61 )=tc (61)
if(switch(04).ea.1) v(61)=tc(6i)/(1.0-v(?32)) 

c electrical generation construction time constants years
tc(43)=0.1875*v(61)
tc(45)=0.1875*v(61)
tc(47)=Q.625C*v(61)

c electrical generation water shortage multiplier (hypothetical) 
c (see also note for analogous synfuel statement)

v(57) = 1.r»
if(switch(01).eq.D v(57)=(sin(v(143)*3.1 4159/2. 0) )**2.0 

c initialize electrical generation capacity in planning and in 
c construction to steady state in 197P
c (difference in 1970 between future planned capacity and 
c present existing capacity divided by 1 + the total time 
c throuah the planning and construction processes)

i f( time. gt .1970.0) go to 30
vtemp2=(v(3P)-v(55))/(1.r+v(61)+tc(41))

v(43)=delay3('v41',vtenp2,tc(4?),v(4O)
v(45)=delay3('v43 l ,vtemo2,tc(45),vU6))
v(47)=delay3('v4S',vtemo2,tcU7),v(48)) 

30 c on t i nue
c electrical generation plants mean age years 
c (in the model the electrical plants are not physically 
c depreciated because it is assumed that the modeling time 
c does not go out. far enough. However/ their utilization 
c factors are degraded with time. A mean age 
c i s need ed for this)

i f( time. eo. 1970.0) v(5Q)=v(55)*time
v(51 )=0.0
if(v(55).gt.0.0) v(51)=time-v(50)/v(55) 

c electrical generation load factor
c (new plants are assumed to operate at a load factor of 
c 30% for the first 9 years)

v(52)=0.?-0.4*(v(51)-9.0)/?S.O
i f ( v(52) . lt.0.0) v(52)=0.0
if (v(51) .It. 9.0) v(5?)=0.8 

c electrical generation normal utilized caoacity million tpy
v(53)=v(5?)*v(55)

c (statements for v(62) through v(64) are used to determine 
c how much exisitino caoacity will be degraded during the 
c planning horizon time interval for electrical olants) 
c elec. gen. capacity depreciation planning age years

v(62)=v(51 )+tc (38) 
c elec. gen. capacity depreciation planning fraction per year

if (v(62) . It. 9.0) v(63)=0.0
if(v(62).gt.9.0.and.v(62).le.9.0 + tc(35)) v(63) = ((v(62)-9.0)/tc("< 0 ) 

1 )*f.01 43
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if(v(62).gt.9.0+tc(3?)) v ( 6 3 ) =-n . n 1 4 3 
c elec. gen. planned capacity depreciation rate 
c million toy oer year

v(64)=v(63)*v(55)
c (as for planning electrical plants* statements for v(65) 
c through v(6 7 ) degrade the utilization over the planning 
c horizon time interval for coal mines) 
c elec. gen. coal use depreciation planning age years

v(65)=v(51)+tc(807)+v(8?6) 
c elec. gen. coal use depreciation planning fraction per year

if(v(65).le.9.0) v(66)=Q.O
if<v(65).ot.9.0.and.v(65).le.9.0+tc(807)+v(826)) v (66) = (((v(65)-9 

ie)/(tc(8°7)+v(826))))*O.OU3
if(v(65).pt.9.0+tc(807)+v(826)) v(66)=0.0143 

c elec. gen. planned coal use depreciation million toy/year
v(67)=v(66)*v(55) 

c electrical generation capacity in construetion million toy
v ( 6 0) = v ( 4 4 ) + v ( 4 6 ) + v ( 4 5 ) 

c electrical generation future capacity deficit million tpy
v(39)=aTax1(v(38)-(v(5?)/c(38)+v(60)+v(4?)-v(64)+tc(38)),0.0) 

c electrical generation capacity initiation rate million tpy/yr 
c (the functions prevent unduly large ordering rates)

v(4Q)=v(823)*v(57)*(c(40)*sin(1.11*v(39)/c(40))/t1)
if(v(39).gt.1.42+c(40)) vC40)=c(40)

c electrical generation construction initiation rate million 
c tpy/yea r

v(41)=delay3('v4C',v(4C),tc(41),v(42))
c electrical generation capacity coming on line million tpy/yr 
c (see also note for analogous synfuel statements)

v(43)=delay3('v41',v(41),tc(43),v(44))
v(45)=delay3('v4?',v(4?),tcU5),vU6))
v(^7)=delay3( l v45 l ,v(^5),tc(^7),v(48)) 

c electrical generation standard 100" mwe plants (number)
v(5O=v(55)/c (54) 

c electrical generation effective standard 1000 mwe olants
v(59)=v(53)/c(54) 

c electrical generation standard plants under construction (number)
v(68)=v(60)/c(54)

c electrical generation future coal caoacity million tpy 
c (pr'esert utilized capacity + rates added - rates depreciated 
c taken over the total mine planning + construction times)

v(58)=v(53) + (v(47)-v(67))*c("58)*(tc(807) + v(?26)) 
c time weighted electrical generation growth

v(49)=v(^7)*t i me 
c
c electrical generation level equations 
c electrical generation nominal capacity million tpy

v(55)=v(55)+dt*v(47) 
c time weighted electrical generation capacity

v(5Q)=v(50)+dt*v(49) 
c 
c --------------- coal export subsector -------------------------
c



c coal export scenario trillion tpy
v(71)=energy(2/ncdo,time)

c coal exoort senario planned capacity million toy 
c (see also note for analogous synfuel statements)

tcce=tc(73)*(1.0-(1.6/(1.0+exp((tirre-1°70.0)/1.7))))
v(73)=c(7?)*energy(2*ncdp*time+tcce) 

c total excort option
i f (switch (02). eq.1) v(7?)=v(72)*totcol(ncdp>time+tc(73)) 

c coal export planning plus regulatory delay years 
c (see also note for analogous statements concerning coal 
c mine olanning at the beginning of this sector description)

v(87)=tc(P7)+tc(86)/(1.C+exp((pci+0.1)/0.15))
tc(76)=v(*7)

c coal export construction delay function (including labor short- 
c age effects years (see also note for analogous synfuel)

v(91 )=tc (91 )
if(switch(G4).eq.1) v(91)=tc(91)/(1.0- v (?32»
tc(7E)=0. 1575*v(Q1 )
tc(92)=0.1875*v(91)
tc (94)=0.625C*v(91 ) 

c fraction exported by slurry oipeline
v ( £ 9 ) = c ( ? 9 ) 

c coal exoort water shortage multiplier (hypothetical)
v(£3)=1 .0
if(switch(01).ea.1) v(88)=1 . 0-v ( 89 ) * ( s i n ( v ( 1 4 3) + 3 . 14159/?.0))*+0.5 

c initialize coal export capacity in olanninq and construction to 
c steady state in 197C. (see also note for analogous statements 
c in electrical generation subsector)

if(time.gt. 1970.0) go t.o 40
vtemp3=(v(73)-v(SO))/(1.0+tc(76)+v(91))
v(76)=delay3('v75',\/terr.p3,tc(76),v(77))
v(7S)=delay3('v76',vte'nr>3,tc(7a),v(79))
v(92) = -Jel ay? ( ' v78' , v t emo3 , t c ( 92 ) , v (9 3 ) )

40 con t i nue
c coal export capacity average lifetime years (initialize as
c if all capacity were new in 1970)

tc(82)=tc(81 )/2.0
tc (84)=tc(31 )/2.0  
if(time.eq.197Q.O) v(P2)=dlinf3( I v78',C.C,tc(82))
if( time. gt. 1970.0) v(82)=dlinf^( l v94 I ,v(94)^tc(8?))
v(84)=dlinf3('v82'^v(82)^tc(84)) 

c coal expert capacity depreciation rate million tpy/year
v(81 )=v(80 

c coal export capacity under construction million tpy
v(86) =v(79)+v(93) *v(95) 

c coal exoort future capacity deficit million toy
v(74)=amax1(v(73)-(v(80)+v(86)+v(77)-v(Sl)+tc(73)),0.0) 

c coal export capacity initiation rate million toy/year 
c (see also note for analogous synfuel statements)

v(75)=v(823)*v(88)*(c(75)*sin(1.11*v(74)/c(75))/t1)
if(v(74).qt.1.42*c(75)) v(75)=c(75) 

c coal export capacity construction initiation rate million

15



c tpy /yee r
v(76)=delay3('v75',v(75),tc(76),v(77))

c coal export capacity coming on line million tpy/year 
v(78)=delay3('v76 l ,v(76),tc<78),v(79)> 
v(9?)=delay3('v7 8 ',v(78),tc (<??), v (93>> 
v(94)=delay3('v92',v(92),tc( <H),v(95)>

c coal exoort future coal capacity million toy 
v(9Q)=v(8Q>+(tc

c
c coal export capacity level equation million tpy 

vaa>=v(?0
c 
c

ret urn
end

16



SYNTHETIC FUEL SUBSECTOR 
WCR1ND

tin. fu«l
MA mod. volu*
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ELECTRICAL GENERATION 
WCRIND

SUBSECTOR
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COAL EXPORT SUBSECTOR 
WCRINO

tract, up. 
 lurry pipt- 
lint volt*

COAL EXP CAP.
INITIATION
RATE

V(75)

coal txp 
sctn. plan 
capacity

V(73

19



c *************** Mining Sector (C?-?6~77)***********************
c '
c This sector models the growth of coal mines in response to the
c user industries and keeps an accounting of coal reserves and
c resourc es .
c
c The coal mining subsector structure is very similar to the user
c industries* and the annotation for wcrind will explain the
c modeling rational.
c
c The reserves subsector removes coal frorr reserves accor-iing to
c mine output and initiates exploration to convert resources into
c reserves when the static reserve index gets too low. As
c resources are depleted* it becomes more difficult to prove UP
c reserves* an-j more lan-J must be stripoe"! per unit of production.
c
c applicable switches (set to 1 to activate* default value is 0)
c
c switch number function
c C3 political climate feedback
c 04 construction labor shortage feedback
c
c
c ****************start program statements***********************
c
c mining sector file name

subroutine w c r m i n ( nc-ip*m i ng o)
integer mingo 

c 
c coTmcn statements

common/system/vdQOO/c dQOO) * tc dOOO)*t1
coir mon t i me
common/d t/dt 

c 
c switch link statements

common/swi tch/switch dOD
integer switch 

c see industry sector description concerning analogous indgo
if(mingo.eo.0) return
if(mingo.qt.0) ao to 10
if(mingo.lt.O) mingc = iT!ingo+1 

10 continue 
c 
c ----------------- coal mining subsector -----------------------

c
c coal mine planning delay plus regulatory delay years
c calculated in wcrind
c coal mine construction delay time (including labor
c shortage effects) years calculated in wcrind
c coal mine construction time constants years

tc(8C9)=9.1875*v<826)
tc(328)=0.l375*v(8?6)
tc(?30)=3.625C*v<826)
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COAL MINING SUBSECTOR 

WCRMIN

 yn. fu«l 
future 
cool cop.

cool ex p. 
future

cool mine mo*, 
regl.del.

future 
coal mine 
ca p. deficit

V(8I7
 j

TC(826)

TC(8II)
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COAL RESERVES SUBSECTOR 

WCRMIN
ORIG. COAL 
RESOURCES
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coolgrade 
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mult 
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coal grade
reserves 
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V(852)
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perceived 
ex pin. needs
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static res. 
index 
V(847
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output

V(802)

EXTRACTION
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V(84I)/

f> AVER.STATIC 
ii RES. INDEX

  , r V(848)

TC 

 48

stat. res. 
ind. mult.

V(824)
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c ******************** Demographic Sector (OP-26-77) *******************
c
c The demographic sector calculates the number of laborers
c recuire-i to construct an-! operate the mines/ conversion olants
c and export facilities specified by the industrial sector of the
c model. This industrial labor force together with an
c exogenously determined agricultural labor force v(214) and other
C primary labor v(229) (primary manufacturing/ recreation/ etc.)
c work through multipliers to determine the needed public v(225)
c and orivate v(223) service labor. The available service labor
c v(226/224) is a time delayed function of the indicated service
c labor categories. Public and private service indices v(?23/23Q)
c are indications of how well the need for service labor is being
c me t .
c Total peculation v(227) is determined by applying specific
c family multipliers to the various labor forces olus the
c exooenously determined indian population v(215). Indians in the
c industrial labor force are accounted for seoarately
c v(208/210/216). This allows some flexibility to accomodate
c possible large and abrupt increases in indian employment through
c specific indian employment clauses in future leases for coal on
e the reservations.
c A boom index ( A. Ford/1976 ) is calculated v ( 2 3 ?) as a
c function of service shortages. Boom conditions cause a decrease
c in construction worker oroductivity v(235) and an increase
c in service delay times v(?36)/ thus acoravatinq the boom
c conditions.
c
c Mote that there is no way of analyzing local "hoom and bust"
c cycles related to local development. It is quite possible that
c specific towns within the region will experience a relatively
c larne influx of construction labor and related service personnel
c and/ after the construction phase is completed/ the construction
c labor will move to a new site still within the region but far
c enough away from the first site so that town experiences a "bust"
c in population. Such an effect could not be recorded in this
c aggregated model of the region.
c
c Demographic variables are aggregated over the entire region.
c
c switches (default value = 0)
c
c set switch(21)=1 to exclude indian reservations population
c set switch(22)=1 to stabilize agricultural labor at 1975* level
c
c *************** start program statements *************************

subroutine we r dem (derr go )
integerdemgo
corrmcn/syste/n/v(1QCO)/c(1000)/tc(1COO)/t1
common time
commcn/dt/dt

C
c switch array
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common/swi tch/swi tch ( 10D) 
integer switch

if (deirgo. eq .0) return
if (defoo. gt .0) goto 10
if (demgo.lt.C) demgo=demgo+1

10
c 
c 
c 
c

c 

c 

c 

c

c 
c 
c
c

c 

c 

c

c

c

c

c

c

c

c 
c
c

con t i nue

operations labor (number o

electrical ooerations labor 
v(240)=c(201)*v(54) 

synfuel ooerations labor 
v(241 )=c (2C2)*v(20) 

export operations labor 
v(242)=c(2C3)*v(80) 

mine operations labor

industrial ©Derations labor

cons 

elec 

synt 

exoo

mini

i nd i

booir

i ndu

c on s

cons

cons

ref e

t rue t i

t r i ca I 
v(202) 
h e t i c 
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r t con 
v(20O 
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V
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)
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ruct
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i
)
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11 )
on
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on con s t ru 
U8) /(tc(6 
t rue t i on I 
(13)/(tc (2 
labor 
(86)/tc (91 
labor

(
I
(

«32)/
cons

tc(S
t rue

203)+v(20
roduc t
(
t

(25). ea
work f
2C9)+v
I abor /
. eq .0.
.gt.O.
1 abor
2Q6)-v

r i cul t

0

(
e
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0
d
(
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i on I
.P)v(
re e
210)

i vi t
xo((
abor
2P6)

mployment
)v(21
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ef i c i
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2)=v
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ct 
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ab 
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26
ti
A)
y
v(

= v

r
.0
(2

work e r s)

workers)

ion I abor 
*0.6250*c (54)) 
or 
*0.6253*c (20))

)
on labor
+v(205)
mu I t i o I i e r
23O-P.21 )/0.055) )

(206) /v(235)

at i c

06)/v(211 )

v<2U)=o63*429?.C*exp(-O.C239*(time-197oO» 
i f (switch (22). eq.1. and. tirre.ge.1 975. P) v(2U) = ?400.0 

C reference indian population
v(215)=M25.0*exp(0.0164*(tirce-197C.C))+2674*exp(0.03C1*(time-1970
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1 .0) )
if(switch(21 ).ec.1) v(215) = C.O 

c indian industrial work force fraction
V(216)=0.0
if(v(215).gt.O.C) v(216)=c(225)/(1.0+exo((((v(208)+v(210))/v<215>) 

1-C.13>/0.025>) 
c nonindian construction labor transfer rate

if(v(213).ge.0.0)v(217)=(1.0-v(216))*v(213)/tc(217)
if(v(213).lt.O.Q)v(217)=(1.0-v(216))*v(213>/tc(218) 

c indian construction labor transfer rate
if(v(213).ge.0.0>v(21*)=v(216)*v(213)/tc(219)
if(v(213).tt.0.0)v(218)=v(216)*v(213)/tc(220) 

c operations work force
v(219)=v(2C7)+v(208) 

c operations labor deficit
v(22Q)=v(201)-v(219) 

c nonindian operation labor transfer rate
if(v(220).ge.C.O)v(221) = O.C-v(2l6))*v(22C)/tc(221)
if(v(22C).lt.P.C)v(221)=(1.0-v(216))*v(220)/tc(229) 

c indian operation labor transfer rate
if(v(220).ge.0.0)v(222)=v(216)*v(220)/tc(222)
if(v(220).lt.O.O)v(222)=v(216)*v(22Q)/tc(230) 

c other primary labor
v(229)=c(230) 

c indicated private service labor

113)*v(210)+c(227)*v(229) 
c boon- service development multiplier

c
c private service labor

v(237)=tc (220
if(switch(26).eo.D)v(237)=v(237)/v(236)
v<22O=dlinfK'v224',v(2?3),v(237)) 

c indicated public service labor
v(225)=c(21O*v(21O + c(215)*v(2Q8)+c(216)*v(207)+c(217)*v(209) + c<2 
H8)* v (2in)-»-c(22P)*v(229) 

c 
c pub Iic service labor

v(238)=tc(226)
if(switch(26).-eG.O)v(238)=v(23?)/v(236)

c
c total popuI at i on
c

12O+c(22O*v(209)+c(229)*v(229) 
if (switch(25).eq.C)v(227)= c (219)*v(21O

2*v(209)) + c (229)*v(229) 
c public service labor index

v(22F)=v(226)/v(225) 
c private service labor index
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v(23C)=v<224)/v(223) 
c boorr index

v(233) = «9.5/v(?28)) + (0.5/v(23C))>-1.0 
c average boom index

v(23O=dlinf1('v234',v<233),tc(23O) 
c urban population

v(231)=c(231)*(v(227)-v(215) + v<210*c(219)) 
c fractional construction labor shortage

v(232)=0.0
if(v(206).ne.0.0) v(232)=(v(236)-v(211>)/v(206) 

c
c I eve I equat i ons 
c 
c nonindian operations labor

v(207)=v(2G7)+dt*v(221) 
c indian operations labor

v(20?)=v(208)+dt*v(222) 
c nonindian construction labor

v(209)=v(209)+dt *v(217) 
c indian construction labor

v(210)=v(21C)+dt*v(218)
return
end
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c **************** Land Sector (C8-26-77) ***********************
c
c The land sector keeps track of land used in agricultural /open-
c space/ urban / i ndus t r i a I / and mi ne/ rec I amat i on catagories. The
c agr i cul tura I /open-space catagories are range and forest land
c v ( 3 6 1 ) * dry crop land v ( 3 6 2 ) / and irrigated land v ( 3 6 ? ) .
c Provision is made for exogenous transitions between these
c categories v(332/333). Land is converted from agricultural to
c urban/ i ndus t r i a I v(360) in responce to indicated reauirements
c v(3C?/303) calculated from industrial development and urban
c population. Conversion from agriculture/open-space to stripmined
c land v(364) is governed by the land stripping rate v(3C3). Mined
c land/ after a mining and reclamation delay ( t c 31 5/ t c3 17, t c 31 9 )
c is converted to interiT reclaimed (or non-reclaimed) catagories.
c Land undergoing reclamation is in one of three categories/ v(316)
c (to range land)/ v(?18) (to dry crop land)/ or v(3?0) (to
c irrigated land). From the interim categories/ land either returns
c to the a or i c ul tur a I /open- spa c e catagories or deteriorates to
c induced badlands v(3 7 3).
c
c units are 1Qe3 acres.
c
c *************** start program statements *************************

subroutine we r I nd ( I ndgo )
integer I ndgc
co«rmon/system/v(1COO)/c(1 000) /tc (1000) /t1
common time
coirmon/dt/dt
if (Indco.eq.C) return
if (lndgo.gt.0) qoto 10
if (lndqo.lt.0) I ndcc= I ndgo+1 

1 0 con t i nue 
c 
c lan-< stripping rate

v(30C)=v(8C?)*v(853)*c(300) 
c indicated industrial land

1 10) )*c(?0?) 
c indicated urban land

v(303)= c (304)*v(231) 
c net urban land deficit

v(30O=v(302)+v(303)-v(360) 
c fractional urban lan-? surplus

v(332)=amax1(-v(?04)/0.0)/v(360) 
c range land urbanization rate

v(305)=a<rax1(v(304) / 0.0)*c(3 r)5)/t1 
c dry crop land urbanization rate

v(306)=amax1 ( v ( ?Q 4 ) /O . 0 ) * c ( 306 ) / 1 1 
c irrigated land urbanization rate

v(307)=a!rax1(v(?OA)/0.0)*c(307)/t1 
c range landMry crop land conversion rate

v(332)=0.0 
c dry crop I and/ i r r i ga t ed land conversion rate
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v( 333) =0.0 
rang? land stripping rate

" v(308)=v(300)*c<308) 
dry crop land stripping rate

v(309)= v (30C)*c(309) 
irrioated land stripping rate

v(310)=v(3CC)*c(310) 
non- r ec I amat i on initiation rate

v(311)=v(364)*c(311)/tc(311) 
reclamation to range land initiation rate

v(312)=v(364)*c(312)/tc(311) 
reclamation to dry crop land initiation rate

v(313)=v/(364)*c(313)/tc(311) 
reclamation to irrigated land initiation rate

v(3U)s v (36A)*c(?14)/tc(311) 
ranae land reclamation completion rate

~v(315)=delay3('v31?',v(3l2)/tc(315),v(316>) 
dry crop land reclamation completion rate

v(317)=delay3C'v313',v(313)/tc(317),vC?18)) 
irriaated land reclamation completion rate

v(3l9)=delay3('v314',v(310,tc(319), v (3? n )) 
long term unreclaimed rate

"v<324>=v(365>*<1.0-c<328»/tc(3?5> 
unreclaimed to badlands rate

v(328)=v(365)*c(328)/tcCS28) 
long term range lan-J rate

~v(325)=v(366)*C1.Q-c(3?<?))/tc<329> 
range land to badlands rate

v(329)=v(366)*c<329)/tc(329) 
long term dry crop land rate

v(326)=v(367)*(1.C-c(330))/tc(33C) 
dry crop land to badlands rate

v(330)=v(367)*c(330)/tc( 7 30) 
lone term irrigated land rate

v(327)=v(*68)*0.0-c(331))/tc(331) 
irrioated lands to badlands rate

v(331)=v(368)*c(?31)/tc(331) 
total land

165)+v(366)+v(367)+v<36?)+v(369)+v(373) 
c
c level equat i ons 
c 
c 'urbani zed I an-i

v(360>=v(360)+dt*(v(305)+v(306)+v(307)) 
c range I and

~v(361)=v(361)-dt*(v(305)+v(3n8)+ v (33?)-v<325>> 
c dry crop lan^

v(362)=v(362)-dt*(v(306)+v(309)+v(333)-v(332)-v(326)> 
c i r r i gat ed land

v(363)=v(363)-dt*(v(307)+v(3lO)-v(333)-v<327)) 
c s t r i pmi ned I and

v(36O=v(364)-Mt*(v(308>+v(3C9)+v(310)-v(311)-v(312)-v(313)-v(31O
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1)
interirr unreclaimed land

v(365)=v(365)+dt*(v(?11)-v(324)-v(328)) 
interim reclaimed range land

v(366)=v(366)+dt*(v(315)-v(3?5)-v(329)) 
interim reclaimed dry crop land

v(367)=v( 7 67)-Mt*(v(317)-v(326)-v(33CM 
interim reclaimed irrigated land  

v(368)=v(368)+dt*(v(319)-v(327)-v(331)> 
lone term unreclaimed land

induced badlands
v(373)=v(373)+dt*(v(328)+v(329)+v(330)+v<331» 

cumulative stripped land
v(37O=v(37O-Mt*v(300) 

total minino disturbed land
v(375)=v(399)-v(361)-v(362)-vC?63)- v (360) 

land undergoing reclamation
v(376)=v(316)+v(31S)+\/(3?0)
return
end
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c ************ Water Sector (Q8-?6-77)***************************
c
c The water sector is based upon a functional relationship between
c expected water yield at some percent deficiency (eg. a yield that
c is arbitrarily expected to be met in all but 27- of the years)
c and the active storage (reservoir) capacity v(111/116). Both
c yield an-J storage capacity are normalized to mean annual flow
c v(1C8/114). Net yield v(112/117) is calculated by
c subtracting reservior evaporation v(110/115) frorc gross yield.
c The yield thus peaks at some finite value of the storage index
c (storage cacacity/ mean annual flow). The yield function
c depends upon the hydrologic statistics of the stream flow (Riggs
c and Henderson/ 1973).
c
c Since in-stream flow reservation schedules have been proposed for
c fish and wildlife protection (ranging from about 5 C % to £? *' of
c the mean annual flow)/ an "effective flow" v(109) is calculated
c as the remaining flow after reservation/ and is used as a
c parameter in yieId-stor age function. Provision is made for
c "political feedback" to weaken fish and wildlife flow
c requirements in the event of severe shortage v(134/150/135/136) .
c The fish and name index v(137) measures the decree to which the
c instrearr flow reservation is met. A subjective "free flowing
c river index" v(107) is also calculated as a function of the
c cumulative storaae index v(106).
c
c The water sector represents the entire drainage basin. The
c industrial water recuirements are taken to he v(17 n ) times the
c industrial reauirements in the region.
c
c Water requirements and projections are calculated fro* the
c industrial sector. The projected water deficit v (1 4 6 ) is divided
c by the marginal yield v(118) to calculate thp projected storaoe
c Heficit v(119). The decision to build additional storaae
c capacity depends upon a "Benefit/cost" analysis v(163/1??).
c "Cost" v(121) depends upon the annualized cost of storage
c capacity and the marginal yield (incremental acre-feet/year yield
c per acre-foot storage). "Benefit" v(161) is calculated as a
c (linear) function -of the projected fractional deficit v (1 6 n ) .
c Available water is allocated by a "water allocation function"
c v(139) .
c
c The aggregated drainage basin model tends to overestimate yield
c and underestimate resource development because it assumes that
c water available at any point within the basin is available at
c every point/ and that reservoirs are of optimal efficiency. That
c is/ storage is generally assumed to be on the lower/ main stem/
c portion of the Basin's river system. For these reasons it can be
c assumed that water resource impacts would exceed those simulated.
c
c units are thousand acre-feet (1.0e3af)
c
c **************** start program statements ********************
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 subroutine werwtr(wtrgo)
integer wtrgo
conr,mon/system/v( 1000) , c (1 000) ,tc (1000) *t1
common time
com mon/dt /dt 

c switch array (0 is off* 1 is on)
common/swi tch/switch(100)
integer switch
real i fr f*my f/fgf 

c (see note for analogous indgo in industry sector description)
if (wtrgo.eq.O) return
if (wtrgo,gt.O) go to 10
if (wtrgo.It.0) wtrgo = wtrgo + 1 

10 con ti nue 
c
c indicated irrigation water to agriculture in basin 
c (increase in consumptive use since 1970)

v(126)=c(126) -Ktime-1970.)*c(125)/30. 
c miscellaneous water requirements (in basin)

v(127)=c(123) + (time-19 70. )*c (120/30. 
c indicated industrial water reouirements (in region)

v(128)=v(20)*c(132)+v(59)*c(131)+v(802)*c(1?3)+v(80)* c (13O*v(39) 
c developing industrial water requirements

v(129)=v(128) + v(28)*c(132) + v(68)*c(131)+v(810)*cd33)+v(7P)* 
1 c(13O *v(«9) 

c diversion point index 
c (fraction of industrial water from surface sources within basin)

vd 30)=c(130) 
c basin/reaion water to industry multiplier

v(170)=(c(6)+c(7))/c(6) 
c effective indicated industrial water requirements (in basin)

v(13i)=v(13G)*v(1?8)*v(170) 
c effective developing industrial water requirements

v(132)=v(130)*v(129)*v(170) 
c indicated water requirements (in basin)

v(133)=v(l31)*v(127)>v(126) 
c cumulative storage index 
c (storage/mean annual flow years)

v(106) = (v(1C5)+v (165) )/c (10.6) 
c free flowing river index (Fermi function of storaae index)

v(1Q7)=i.01/(1.0+exp((v(106)-0.5)/0.1)) 
c instream flow reservation index 
c (political accommodation to shortage; 
c Fermi function of fractional deficit)

v(135)=ifrf(v(150)) 
c mean instream flow reservation

v(1?6)=c(136)*v(135) 
c mean effective stream flow 
c (initial instream flow - instream flow reservation)

V (109)=dlinf1( t esf t -fC(106)-v(136),tc(1P9))
c effective storage index

v(108)=v(1Q5)/v(109) 
c evaoora t i on
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v(11C)=v(105)*c(nC) 
c gross yield

v(111)=v(109)*gyf(v(1 n 8),v(109)/c(l06)) 
c net yield

v(1l2)=v(111)+v(172)-v(110) 
c yield defecit

v(1 13)=v(133)-vO12) 
c fractional yield deficit

v(13A)=amax1(0.0/v(113)/v(133)) 
c perceived fractional yield deficit (oerception delay)

v(150)=dlinf1('v134',v(13A),tc(120)) 
c yieM surplus (returned to instream flow)

vC151)=-amin1<vni3),0.0) 
c mean instream flow

v(152)=v(136) + v(151 ) 
c fish & game index (fraction of reservation)

vd 37) = fqf (v(1 52)) 
c water allocation function

call waf(v(112)/v(131)/v(l27)/v(1?6),v(1AC),v('Ui),vnA2)) 
c v(1AC) water to industry 
c v(1A1) water to miscellaneous 
c v(1A?) water to agriculture 
c fractional water to industry

v(1A3)=1.Q
if(v(131).gt.O.Q) v(143)=1.0-v(130)*(v(131)-v(l4n))/ v (131) 

c fractional water to miscellaneous
v(144)=1.0
if(v(127). S t.C.D v(14A)=v(U1)/v(127) 

c fractional water to agriculture
v(145)=1.0
if(v(126).gt.n.O) vCU5)=v(1^2)/v(126) 

c developing effective storage index 
c (includes storage under construction/ v(1C3))

v(TU)=(v(105)+v(1Q3))/v(in9) 
c develooing evaporation

v(115) = (v(105)+vn03))*c(110) 
c developing gross yield

v(116)=v(1Q9)*gyf(v(11O/v(109)/c(106)) 
c developing net yield

v(117)=v(116)+v(172)-v(115)
c marginal yield (acre-feet yield per year per acre-foot stoage 
c decreasing function of storage index)

v(11?)=7>yf(vm4),v(105)/c(106))-c(1lO)
v(118)=amax1(v(118)^0.0) 

c weighted planning water deficit
vC1A6)*c(146)*v(132)*c(1A7)*v(l27)+c(lAS)*v(126)-v(117) 

c fractional planning water deficit
v(160)=v(1A6)/(v(1A6)+v(117)) 

c indicated storage caoacity deficit 
c (water de f i c i t/ma r g i na I yieM)

if(v(118).gt.0.0) v(119)=v(U6)/v(118) 
c perceived storage capacity deficit (perception delay)

v(120)=dlinf1('v119'/v(119)/tc(120))
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c marginal cost
c ( annuaIized cost of storage/margina I yield)

v(121)=10000.Q
if (v(118).ot.Q.O) v(121)=c (121)/v(118) 

c marginal value
c (linear function of fractional deficit) 
c 'demand curve 1 for industrial water

v(1 61)=c(161)+v(160)*(c(162)-c (161)) 
c benefit/cost ratio

v(163)=amax1(v(161)/v(1?1)/0.0) 
c reservior utility multiplier 
c (1-Fermi function of f b/c' ratio)

v(122)=1.0
if(v(163).lt.8.0) v(122)=1.Q-1.0/(1.n+exp((v(163)-c(127))/c(12e)))
if (v(11«).le.0.0) V (122)=0.0 

c water storage capacity growth 
c (construction initiation rate)

v(101)=ar"ax1(0.0/v(120)*v(122))/tc(101) 
c completed storage capacity 
c (consrtuction completion rate)

v(102) = -Jelay3( l v101 l *v(101),tc(10?),v(103)) 
c storage capacity depreciation rate 
c (sediment filling rate)

v(100=v(105)/tc(104) 
c
c level equa t i ons 
c 
c stor aae c apac i ty

v(105)=v(105) + dt*(v(ir2)-v(10O) 
c sediment-fi I I ed storage

v(1 65>=v(165)-Mt *v(1CM/ 
c 
100 cont i nue

return
end
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c ***************real function ifrf**************

c
c instream flow reservation index (ifrf) represents a political
c accommodation to water shortage by relaxing the instrean flow
c reservation.
c ifrf is a Fermi function of fractional water deficit Cf).
c

real function ifrf(f)
ifCf.gt.1.0) oause'ifrf 1
ifrf*6.1+0.9/C1.0+exo(Cf-0.6>*8.0>)
return
end

c ********** gross yield function (05-11-76) **********
c
c The cross yield function (gyf) is the fraction of mean effective
c stream flow that couM be expected to be available in 9?% of the
c years. It is crudely estimated for the Yellowstone River Basin.
c Effective stream flow is initial instream flow less instream flow
c reservati on.
c x is the effective storage index (effective storage/mean effective
c s t ream flow).
c m is mean effective stream flow/initial instream flow.
c

real function gyfCx/m)
real x *m
a=.250+1.41*m+0.2P*m*m
b = 0.001+0.215*m-0.237*m*m + 0.28?*m*rp*m

if(m.lt.O.O) pause'cyf
if(m.gt.1.0) pause'gyf m>1*
gyf=Cb+Cc-a+a*b)*x-1.C)*exDC-a*x>+1.0
ret urn
end

c *************** r eaI function fgf*************
c
c Fish and game function (fgf) is a 'measure* of the mean instream flow
c reservation (x) against an instrea^ flow schedule.
c

rea I function fgf(x)
xx=x/1000.0
fgf=.011+.123*xx+.Q0549*xx*xx
ifCx.gt.6187.0) fgf=1.0
ifCx.lt.0.0) pause'fgf
return
end
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c ***************** W3ter allocation function (P4-13-76)**********
c
c Allocates water net yield (ny)/ based upon indicated requirements
c for industry (iw)/ misc. (rrw)/ an^ agriculture (aw). Allocations
c are wi/ wm/ and wa.
c waf can be modified to reflect water rights.
c

subroutine waf(ny/i w/mw/aw/wi/wm/wa)

f = ny/(i w+mw+aw)
if(f.gt.1.0)f=1.0
wi = i w* f
wm-mw* f
w a = a w * f
return
end

c i************+**** ma rginal yield function (C5-06-76)***************
c
c The marginal yield function is the derivative of the gross yield
c function (gyf) with respect to the effective storage index (x).
c See gross yield function.
c

real function myf(x/m)
real x/m
a=.250+1.41

c=0.366+0.878*m-C.476*m*m+0.356*m*m*m
if(m.lt.O.O) oause'rryf m<0'
if(m.gt.1.0) cause'rryf m>1'
iryf = (-a*((c-a + a*b)*x-1.0) + (c-a + a*b))*exo(-a*x)
return
end
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c **************** Political Sector (7-22-77)' ******************
c
c This sector calculates a "political climate for industrialization
c index/" v(414)/ which is a time average of a weighted sum of
c several other indicies. These are: (1) agricultural oolitical
c index/ v(402)/ based on an exoger.ously suoplied estimate; (?)
c coal revenue political index/ v(404)/ based on a ratio between a
c severance tax and all other revenue to the political unit; (?)
c industrial capital political index/ v(406)/ based on the amount
c of industrial capital invested in the region; (4) perceived
c political climate for industrialization/ v(407)/ based on some
c perception delay of political climate; (5) environmental
c political index/ v(40?)* based on a perception of environmental
c Quality; (6) future shock political index/ v(410)/ which
c attempts to model resistance to rapid change; and (7) federal
c political index/ v(412)/ which models pressure from the national
c level for development when there is a gap between actual and
c expected (scenario) capacities.
c
c The hypothetical indicies are calculated in various ways/ but all
c have the property of having values between -1 (comolete
c opoosition to development) to +1 (thorough suooort for develoo-
c ment). Values of 0 are neutral.
c
c
c switch default value =0/ set to 1 for feedback
c
c switch number function
c 40 political climate index feedback
c
c *************** start program statements *******************
c

subroutine wcrDOl(Dolgo/ncdo) 
integer polgo/ncdc

corrmon/system/v(1000)/c(1300)/tc(1000)/t1
common time
com mon/dt/dt 

c
c switch link statements 
c

common/swi tch/switch(10O
integer switch 

c
c (see note for analogous indgo in industrial sector descriotion) 
c

if(poI go.eq.0) return
if(ooI go.gt.0) go to 10
if(poI go.It.0) polgo=poIqo+1 

10 con t i nue 
c 
c relative agricultural revenue

c agricultural oolitical index (relative agricultural revenue)



v(4C2)=2.0/(1.0+exp((v(4C1)-1.0)/D.3))-1.0 
relative .coal revenue

v(403)=v(SO?)*c(402)/c(403) 
coal revenue political index (relative coal revenue)

v(4P4)=1.C-1.0/(1.C+exp((v(403)-0.1)/Q.Q4)) 
relative industrial capital

v(405) = ((v(59)+v(68))*c(404)-Kv(20)+v(2*)
1 )*c(40 c )+(v(8Q)+v(?6))+c(406)+(v(832)+v(825))*c(407))/c(408) 

industrial capital political index (relative industrial capital)
v(406)=1.0-1.Q/n.Q+exp((v(4P5)-5.0)/1.5)) 

perceived political climate index (perceived political climate)
v(407)=2.0*sin(1.5708*(v(415)+1.0)/2.0)-1.0 

political environmental quality index
v(425)=((v(569)**2+(abs(v(57?))/C.C75)**2+v(564)**2+ 

1 (v(568)/0. 1)**2)/4.)**.5 
environmental political index (peqi)

V (40.8)=0.7*exp(-(v(425)-1.0)**2)-1.0 
perceived relative lifestyle change

1 <c(416)*<v(27)+v(53))+c(417)*v(8?5)> 
c future shock political index (relative lifestyle chanae)

v(410)=1.0/(1.C+exp(v(409)-3.5)/0.1)-1.C 
c relative energy production gap

v(411)=(v(827)-v(802))/v(827) 
c federal political index (gap)

v(412)=1.C-1.0/(1.C+exp((v(411)-0.25)/0.1)) 
c weighted indicated political climate for industrialization inde x

c political climate for industrialization 

c political climate output to other sectors

if(switch(40).ea.O) v(420)=c(420) 
c perceived political climate

v(4l5)=dlinf1('v414 l ,v(414)/tc(415))
return
end
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c ********** Environmental Indicators Sector (10-05-77) **********
c
c The environmental sector of the model estimates relevant effluent
c residuals as linear functions of the various industrial
c construction and operation activities and as functions of total
c peculation and land use.
c
c Provision has been made to model a partial control of waterborne
c effluents and their delayed* partial release to the environment.
c In this way the model simulates short-term control of waterborne
c effluents and also a gradual leaching of these pollutants into
c the hydrologic system. Several of the air oollutants have been
c taken as specified by the New Source Performance Standards (WSPS)
c but provision has also been marie to model additional control to
c hold the effluents below the NSPS. The decree of urban sewaqe
c treatment (none* primary* secondary) is considered to be a
c function of the public service index calculated in the
c demographic sector.
c
c For ease of presentation/ the effluent residuals are normalized
c to nominal values/ which/ it should be noted/ are not meant to be
c viewed as acceptable or unacceptable values. These normalized
c values are also not equivalent to relative ambient concentrations
c and are no substitute for analyses of site specific ambient
c concentrations. Moreover/ these normalized and averaged values
c underestimate impacts primarily because they do not recogniz* the
c nonIinearities/ synergistic effects/ or the critical near-source
c "hot spots."
c
c This sector also calculates an average peculation arowth rate
c which may be considered as a measure of local social and
c oolitical disruption. Gilmore and Duff (1976) suggest that a 5
c percent annual growth rate is about as much as a srall community
c can manage without exoeriencing the ill effects of boom-town
c growth. The model also calculates an urban/industria I land
c impact parameter cropcrtional to the land area in urban/
c industrial/ and mining use. This parameter indicates roughly the
c degree of change in traditional land use.
c
c In addition to the copulation growth impact and the land impact
c parameters/ two other indices are calculated for use in the
c political sector for the calculation of a political environmental
c quality index. One is a coal conversion air impact area index/
c which is a measure of the portion of the area affected by stack
c emissions/ and the other is a reciprocal instream flow index.
c The latter is a measure of how well the desired instream flows
c are being met and perhaps a measure of stream assimilafive
c caoa c i t y.
c
c It would oe very desirable to derive ambient residual
c concentrations from the residuals emission data and calculate
c direct in-pacts that could then be incorporated into oolitical
c environmental quality index. However/ until this is possible/



c the residuals are simply left in the form of separate normalized
c values.
c
c ***+*+**+*******+++* start program statements ********************
c

subroutine wcren v (envgo)
integer envgo
common/system/v(100C),c(10CO),tc(10QC)*t1
common time
common/dt /dt 

c (see note concerning analogous indgo in industry sector description)
i f ( envgo. eq. 0) return
i f ( envqo. g t . 0) go to 10
i f ( envgo . 1 1 . 0) envgo=envqo+ 1 

1 0 con t i nue 
c 
c fraction of new source performance standards (nsps) emitted

v(5C1 )=c(501 ) 
c fraction controllable water-borne residuals promptly emitted

v(50?)=c(502) 
c fraction controlled water-borne residuals ultimately emitted

v(503)=c(503) 
c sewage treatment coefficient

v(504)=0.3+0.7/(1.0 + exp((v(22£)-0.8)/0". 1 ) ) 
c -------------------------------   -_-_--_--_-.---

c
c residuals (water) tons/yr
c
c sediment runoff from construction

v<505>=v<?8)*c<5C5>+v<6S>*c<506>+v(86>*c<507>+v(832>*c<5 ri*) 
c se-fiment runoff fror operations

c delayed sediment runoff from operations
v(507)=delay3('dsro',(v(20)*c(51C)+v(59)*c(511))*(1.0-v(502))*v(50 

13), tc (5Q7),v(508) ) 
c sedirr. ent from mined/reclaimed lands

v(509)=(v(316)+v(318)+v(32C))*c(512)+(v(365)+v(369))*c(513)+(v(366 
1)+v(?67)+v(36£))*c(514)+v(373)*c(515) 

c total sediment runoff
v(51C)=c(57C)+v(505)+v(506)+v(507)+v(509) 

c --------------------------------------------  
c dissolved solids
c current operations effluent

v(511)=v(S02)*c(571)+v(59)*(c(572)+c(573)*v(502))+v(20)*c(574)*v(5
102) 

c delayed operations effluent
v(512)=delay3('doe',(v(59)*c(573)+v(20)*c(574))*(1.0-v(502))*v(503

1 ),tc(512),v(513)) 
c sewace ef f I uen t

v(5U)=v(50O*v(2?7)*c(575) 
c mined lands leaching

v(515)=v(370*c (516) 
c total dissolved solids effluent

45



v(517)=c(517)+v(511)+v(51?)+v(^14)+v(515) 
c .___ --_.-__-_----_-_._..-__--_-_»-.__ .-_._
c biochemical oxygen demand (bod)

v(518)=c(518)+v(20)*v(5e2)*c(519)+v(227)*v(5Q4)*c(5?0) 
c organi c s

v(5?1)=c(521)+(v(20)*c(522)+v(59)*c(523))*v(502)+delay3('org',(v(? 
1C)*c(522)+v(59)*c(523))*(1.0-v(502))*v(503>,tc(521),v(522)) 

c heavy metals
v(525)=c(525)

c residuals (air) tons/yr
c
c so2

v(53C)=c(530)-Kv(20)*c(531)+v(5<5)*c(532))*v(5C1) 
c nox

v(533)=c(533)+v(?C)*c(534)+v(59)*c(535)+c(542)*v(227) 
c hydroca rbons

v(536)=c(536)+(v(2C)*c(537)+v(59))*c(538)+c(543)*v(227)
c particulates

v(539)=c(539)-Kv(20)*c(540)+v(59)*c(541))*v(501)
c
c relative residuals normalized to nominal (1975) values
c
c sed i men t

v(545)=v(510)/c(545) 
c fractional sediment

v(554)=v(545)-1 .0 
cdissolved solids

v(546)=v(517)/c(546) 
c bod

v(547)=v(518)/c(547) 
c fractional dissolved solids

v(555)=v(546)-1 .C 
c organics

v(54P)=v(521)/c(548) 
c heavy rr.etals

v(549)=v(525)/c(549) 
c so2

v(55C)=v(53C)/c(550) 
c nox

v(551)=v(533)/c(551) 
c hydrcca rbons

v(552)=v(536)/c (552) 
c oarticulates

v(553)=v(539)/c(553) 
c -____-.-_»____.------_-__---__--_--__----.--_
c relative or fractional indices
c
c relative instream flow

v(56C)=v(152)/c(106) 
c reciprocal instream flow index

if(v(137).ne.O.-C) v(569) = 1.0/v<137)-1.0 
c fractional se i iment/water index
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v(561 )=1 .0
if ( v(560).ne.O.C) v(561)=(v(545)-1.C)/v(560) 

c coal conversion air impact area i'ndex
v(5 64 )=((v(59)*c( 564) +v(?0)*c(565))*v(50l )**?)/ ( v ( 399 ) / C. 64 ) 

c 
c urban-industrial impacted lands thousand acres

v(566) = (v(360)+v(36O+v(365) + v(369)+v(373)+v(316)+v(318)+v(329))*c 
1 (566) 

c relative impacted land index* normalized to nominal (1975) value
v(567)=v(566)/c (567) 

c fractional imoacted lands
v(568)=v(566)/v(399) 

c 
c population rate of change calculation

if(v(570).eq.0.0) v(570)=v(227) 
c instantaneous fractional growth rate

v(571)=(v(227)-v(570))/(v(227)*dt) 
c average fractional poo. growth rate

v(572)=smooth('v571 l ,v(571),tc(572)) 
c 'previous population 1

v(570)=v(227) 
c

return
end

people per year 

people Per year
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ENVIRONMENTAL IMPACT INDEX SUBSECTOR
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c ***************** Constants List (08-26-77)************************
c
c Some of these constants are based upon little or no data.
c
c all time constants (tc) in years.
c

sub rout i ne we rco
commcn/system/v(100C)*c(100C)*rc(1000)*t1 

c 
c rate at which plant ordering decisions are made years

t1=1.0 
c
c abbrev iat i ons list 
c
c 1.0e6 
c syn. 
c tpy 
c msc fpd 
c btu 
c Ib 
c e lee. 
c gen. 
c mwe 
c 1.0e3 
c af 
C std. 
c misc. 
c ac 
c sed. 
c ds 
c ei s 
c bod 
c org. 
c so? 
c nox 
c part. 
c nsps 
c ag ri . 
c
£ MP^^W»W»«P«»^«^^««W»«^^««ft«»W»^W»W»W»«W«»W»<A«»W»«»^«»-«»«MPMP«»W»W»«l«^«»4^«»«»«»«»«»«»«Bl^a

c industrial constants (energy in million tons coal)
c
c syn. fuel exogenous scenario modification value

c(2)-1 .0 
c syn. fuel nominal capacity utilization

c(3>=0.7 
c synthetic fuel maximum ordering rate million tpy/year

c(5)=35.C
c syn. fuel standard plant coal use 
c million tpy/?50 mscfpd std. plant at 9000 btu/lb

c(20)=8.0 
c syn. fuel planning horizon time years

tc(3)=?.0

million
synthetic
tons per yea r
million standard cubic feet per day
british thermal unit
pound
electrical
gene ration
megawatt electric
t h o u s a n d
acre-feet
standa rd
mi see I I aneous
ac re s
s edi rr ent
dissolved solids
environmental impact statement
biochemical oxygen demand
or gan i c s
sulpher dioxide
nitrous oxides
particulates
new source performance standards
agri culture
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c syn. fuel plant average lifetime years
tc(15)=25.C 

c syn. fuel maximum regulatory delay years
tc(21)=6.0 

c syn. fuel minimum facility planning time years
tc(22)=1.0 

c syn. fuel nominal construction time years
tc(26>=3.0 

c -   --     -------------------------------  -------   ---   
c elec. gen. exogenous scenario modification value

c(36)=1.0 
c elec. gen. nominal capacity utalization (new plants)

c(38)=C.8 
c electrical generation maximum ordering rate million tpy/year

c(40)=4l?
c elec. gen. standard plant coal use 
c million tpy/1000 mwe sM. plant at °OOC btu/lb

c(5O«4.9 
c elec. pen. planning horizon time years

tc(38)=8.0 
c elec. gen. maximum regulatory delay time years

tc(55>=6.0 
c elec gen. minimum facility planning time years

tc(56)=1.0 
c elec. gen. nominal construction time years

tc(61)=3.C 
c ------------------------------------------------- ------
c coal export exogenous scenario modification value

c(72>=1.0 
c coal export maximum ordering rate million toy/year

c(75)=30.0 
c fraction exported by slurry oipeline

c( 9)=0.0 
c coal export facilities average life time years

tc(51)=4Q.C 
c coal export planning horizon time years

tc(73)=7.0 
c coal export maximum regulatory delay years

tc(86)=6.0 
c coal export minimum facility planning time years

tc(87)=1.0 
c coal export nominal construction time years

tc<91)=2.0 
c ------------------------------------------------------  -
c original coal resources million tons

c(851)=60000.6 
c average mine utilization time constant years

tc(804)=3.0 
c coal mine average lifetime years

tc(811>=£0.0 
c coal mine maximum regulatory delay years

tc(818)=4.0 
c coal mine minimum facility planning time years



tc(819)=1.0 
c coal mine nominal construction time years

tc(826)=1.0 
c coal production shortage averaging time years

tc(821)=5.C 
c coal extraction rate averaging time years

tc(845)=5.0 
c static researve index averaging time years

tc(8*8)=5.0 
c -------------------------   -----------------.-----   --
c eis region fraction of coal development profile

c(6)=0.39 
c river basin fraction of cdp

c(7)=0.4A
c ___.__.____-____-___________.-_-__--___-_________  ._.
c water sector constants (water in 1.0e3 acre-feet)
c
c storage construction initiation

tc(101)=1.C 
c storage construction

tc(102)=5.0 
c sed i men t f iI Ii ng

tc(10A)=10C.O 
c effective stream flow averacing time

tc(109)=3.0 
c yield deficit perception

tc(12Q)=5.0 
c approx. mean river flow at mouth (at 1970 diversion level)

c(106)=8800.0 
c evaporation/storage ratio

c(11C)=0.03 
c mean annualized storage cost C$/af/yr3 at 7. * 5 discount rate

c(121)=13.5
c misc. shortage in 1970 
c in Yellowstone Basin

c(123)=0. 
c misc. consumotive use increase (1970-?000) in drainage basin

cd 20=140.
c consumptive use shortage for irrigation (in 197C) 
c in drainage basin

c(126)=0.
c increase in consumptive use (1970-2000) for irrigation 
c in drainage basin

c(125)=540. 
c Fermi function "b" for reservior utility multiplier

c(127) = 1 .5 
c Fermi function "a"

c(128)=0.1 
c fraction industrial water diverted within drainage basin

c(13C)=1.0 
c water (1.0e3 af/yr)/100C mwe plant

c(131)=15.0 
c water d.Oe? af/yr)/?50 mscfpd syn. fuel plant
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c water/mining d.Ce? af/1.Pe6 tons coal)
c(133)=0.05 

c water/export by slurry pipeline (1.0e3 af/1.0e6 tons coal)
c(134)=0.7 

c nominal mean annual instream flow reservation
c(136)=4000.0 

c planning weight for industry
c(146)=llo 

c planning weight for misc.
c(1 A7)=1 .0 

c planning weight for agriculture
c(148)=1.0 

c 'marginal value 1 of water at 0% deficit <$/af)
c(161 ) = 5.0 

c 'marginal value 1 of water at 100% deficit
c(162)=300.0 

c ------------------------------------------------------
c demographic sector constants (workers/1.Oe6 tons coal/year)
c
c operations workers/1000 mwe plant

c(20l)=100.0 
c operations workers/250 mscfpd syn, fuel plant

c(202)=600.0 
c operations workers/1,0e6 tpy coal exported

c(203)=3.8 
c operations workers/1.Oe6 tpy mined

c(200 = 25.0 
c construction worker-years/1 COO mwe plant

c(205)=350G.C 
c construction worker-years/250 mscfod syn. fuel plant

c(206)=5AOC.O 
c construction worker-years/1.0e6 tpy coal export caoacity

c(207)=4Q.O 
c construction werker-years/1.Oe6 tpy coal mine capacity

c(20£)=20.0 
c private service/agri. labor

c(209)=0.<?9 
c private service indian industrial operations labor

c(210)=0.99 
c private service/nonindian industrial operations labor

c(211)=0.99 
c private service/nonindian industrial construction labor

c(212)=0.99 
c private service/indian industrial construction labor

c(213)=0.99 
c public service/agri. labo-r

c(2U)=C.38 
c public service/indian industrial operations labor

c(215)=0.38 
c public service/nonindian industrial operations labor

c (216)=0.38 
c public service/nonindian industrial construction labor
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c(217)=3.38 
c public se r vi ce'/i ndi an industrial construction labor

c(218)=0.3S 
c agri. labor family multiplier

c<219)=2.77 
c nonindian operations labor family multiplier

c(220)=2.0 
c public service family multiplier

c(222)=2.77 
c private service family multiplier

c(223)=2.77 
c nonindian construction labor family multiplier

c(224)=2.3 
c indians in industry

c(225)=0.1 
c private service/other primary labor

c(227)=0.99 
cjDublic service/other primary labor

c(228)=0.3S 
c other primary labor family multiplier

c(229)=2.0 
c other primary labor-indiginous

c(230)=1000.0 
c urban fraction of non-indian S non-agri.

c(231)=.66 
c nonindian construction labor in-migration time

tc(217)=1.0 
c nonin-iian construction labor out-miaration time

tc(213)=1.0 
c indian construction labor in-transfer time

tc(219) = 1 .0 
c indian. construction labor out-transfer time

tc(220)=1.0 
c nonindian operation labor in-migration time

tc(221)=1.0 
c nonindian operation labor out-mior ation time

tc(229)=1.0 
c indian operation labor in-transfer time

tc<222)=1.0 
c indian operation labor out-transfer time

tc(230) = 1 .C 
c private service labor time constant

tc(224)=1.C 
c public service labor time constant

tc(226)=3.0 
c boom index smoothing time

tc(230 = .5 
c -...-...--...-..--._....-........-»...............-_..
c land sector constants (land in 1.0e3 acres)
c
c stripped land/coal ratio (1.0e3 acres/1.Oe6 tons coal)

c(3DO)=0.024 
c land (1.0e3 ac)/1000 mwe plant
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c(?01)=G.5 
c land (1.0e3 ac)/250 mscfpd syn. fuel olant

c(302)=1.0 
c land (1.0e3 ac)/1.0e6 try mining caoacity

c(303)=0.15 
c urban, land/urban population (1. 0 e 3 ac/capita)

c(304)=O.QOC3 
c rangeland urbanization fraction

c(305)=0.91 
c dry croo lan-4 urbanization fraction

c(306)=0.08 
c irrigated land urbanization fraction

c(307)=0.01 
c rangeland mining fraction

~c(308)=0.91 
c dry croo land mining fraction

c(309)=C.08 
c irrigated land mining fraction

c<310>=0.01 
c non-reclamation fraction

c(311>=0.20 
c reclamation to rangeland fraction

c(312)=0.70 
c reclamation to dry crop land fraction

c(313)=0.05 
c reclamation to irrigated land fraction

c(310=C.05 
c unreclaimed to badlands fraction

c(32F>=0.75 
c 'reclaimed rangelan-j' to badlands fraction

c(3?9)=0.?5 
c 'reclaimed dry croo land' to badlands fraction

c(330)=0.10 
c 'reclaimed irrigated land' to ha-Uan-Js fraction

c(331 ) = C.O? 
c
c time constants 
c 
c reclamation initiation

tc(311>=1.0 
c rangeland r ec lajna t i on

"tc(315)=5.0 
c dry crop Land reclamation

tc(317)=5.0 
c irrigated Land reclamation

tc(319)=5.0 
c unreclaimed/badlands

tc<328)=10.0 
c 'reclaimed range I and'/bad Iands

tc(329)=?5.0 
c 'reclaimed dry crop land*/badlands

tc(330)=25.0 
c 'reclaimed irrigated I and'/bad Iands
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tc(3?1)=3Q.O

c political sector constants (1.0e6 do 1 1 a rs /1 ,0e6 tons coal)
c
c relative agri. revenue

c(A01 )=2.0 
c coal severance tax rate

c(4Q?)=0.3 
c 1970 political unit revenue

c(403)=5nO.C 
c capital ($1 .Oe6) /1000 mwe plant

c(404)=250.0 
c capital <$1.0e6)/250 mscfpd synthetic fuel plant

c(A05)=450.0 
c export capi t a I /output ratio ($ 1 . Qe6/ 1 .Oe6 tpy coal)

c(4Q6)=D.O 
c mining cap i t a I /ou t pu t ratio ( $ 1 .Ce6/ 1 ,0e6 tpy coal)

cU07)=C.7 
c capital normalizer

c conversion / lifestyle weight
c(416)=O.S 

c mining / lifestyle weight
cU17) = 0.2 

c lifestyle perception time
tc(439)=l5.C 

c agri. revenue index weight
cU09)=7.0 

c coal revenue index weight
c ( A 1 Q ) * 1 0 . 0 

c industrial capital index weiaht
c(A11)slO.C 

c perceived industrial climate in"iex weight
c(412)*5.0 

c environmental index weight
cU13)=5.0 

c future shock index weight
c(i U)=7.0 

c energy gap index weight
cU15) = S.O 

c political adjustment time
tc(A1 4)=3.0 

c political perception time
tc(A1 5)=?.0 

c political climate optional constant
c(A2C)=0.0 

c

c
c environmental sector constants (tons/year)
c
c elec. gen. std. plant: 1000 mwe at '80S load factor
c syn. fuel std. plant: 250 mmcfd at 70X load factor

59



c
c fraction of new source performance stds. (nsps) emitted

c(501)=1.0 
c fraction controllable water-borne residuals promptly emitted

c(5Q2)=0.1 
c fraction controlled water-borne residuals ultimately emitted

c(503)=0.5 
c
C ---------------------    ------    _--_-_-.------._-

c sediment runoff tons/year
c sed. per syn. fuel std. plant under construction

c(505)=0 
c sed. per elec. gen. std. plant under construction

c(5Q6)=0 
c sed. per 1.0e6 tpy t r ansoo r t a t i on  facility under construction

c(507)=0 
c sed. per 1.0e6 tpy coal mines under construction

c(508)=C 
c sed. per syn. fuel std. plant operation ('controllable')

c(510)=57. 
c sed. per elec. qen. std. plant operation ('controllable')

c(511 )=A3*/ 
c sed. per 1.0e6 tpy coal mine operation

c(509)=950. 
c delay time for 'controlled' sediment years

tc(507)=20.
c excess sed. per 1.0e3 acres mined/reclaimed lands 
c lands undergoing reclamation

c(512)=5.e3 
c unr ecaimed lands

c(513)=6.e3 
c reclaimed I and s

c(51O=Q.e3 
c i nduced badlands

c(515)=10.e3 
c misc. sediment runoff (eis region)

c(570)=8.6e6 
c 
c ----------------------------------------------
c dissolved solids (ds) tons/year 
c ds per 1.0e6 tpy coal mine operation

c(5?1)=620. 
c ds per elec. gen. std. plant operation ('uncontrollable')

c(572)=252. 
c ds per elec. gen. std. plant operation ('controllable')

c(573)=3758. 
c ds per syn. fuel std. plant operation ('controllable')

c<570=2722. 
c delay time for 'controlled' dissolved solids 'years

tc(512)=2. 
c ds per caoita/ untreated sewage effluent

c(575)=0.05 
c ds per 1.0e3 acres mined lands leaching
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c(516)=0 
c misc. ds effluent from eis region

c(517)=6.6e6 
c 
c ----------------------------------------------
c biochemical oxygen demand (bod) tons/year 
c misc. bod effluent (eis region)

c(51£)=Q 
c bod oer syn. fuel std. olant operation ('controllable*)

c(519)=1.8 - 
c bod per capita* untreated sewage effluent

c(52C)=0.03 
c 
c ---------------------------------------------
c organics tons/year
c misc. orcanic effluent (eis reoion)

c(521)=0 
c org. per syn. fuel std. plant operation ('controllable')

c(522)=27. 
c org. per elec. gen. std. plant operation ('controllable')

c(523)=58. 
c delay time for 'controlled' organics years

tc(521)=20. 
c 
c ---------------------------------------------
c heavy metals tons/year
c misc. heavy metals effluent (eis r°oion)

c(525)=0 
c 
c ---------------------------------------------
c so? effluent tons/year
c misc. so2 effluent (eis reqion)

c(530)=2 
c so? per syn. fuel std olant operation

c(531)=18QC 
c so? per elec. gen. std. plant operation

c(532)=45600. 
c 
c --------------------------------------------
c nox effluent tons/year
c misc. nox. effluent (eis region)

c(533)=0 
c nox per syn. fuel std. plant operation

c nox per elec. gen. std. plant operation
c(535)=?36CO. 

c nox per capita
c(542)=0 

c 
c ---------------------------------------
c hydrocarbons tons/year
c misc. hydrocarbon effluent (eis reqion)
c c(536)=0
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c hydrocarbons per syn. fuel std. plant operation
c(537)=1?2. 

c hydrocarbons per elec. gen. std. plant operation
c(538)=528. 

c hydrocarbons per caoita
c(543)=0 

c 
c' -------   ----------------------------------
c particulates tons/year
c misc. particulate effluent (eis reoion)

c(539)=0 
c part, oer syn. fuel std. plant operation

c(54Q)=412. 
c part, per elec. gen. std. plant operation

c(541 )=20000l 
c 
c ------------------------------------------  
c nominal (1975) values for residual normalization tons/year 
c sed i men t

c(545)=.86e7 
c dissolved solids

c(546)=.66e7 
c bod

c(547)=.46e3 
c orga ni c s

c(54S)=7.1 
c heavy met a I s

c(549)=1 
c so?

c(55C)=.14e5 
c nox

c(551)=.11e5 
c hydrocarbons

c(552)*.17e3 
c par t i cu tat es

c(553)=.63e4 
c 
c -------------------------------------------------
c impact area for air pollution souare miles 
c std. syn. fueI plant

c(565)=360C. 
c std. elec. gen. plant ( at nsps)

c(564)=360C. 
c 
c impact area multiplier for urban-industria I lands acre/acre

c(566)=1.5 
c nominal (1975) impacted lan-J area 1.0e3 acres

c(567)=.11e2 
c 
c population growth rate smoothing time constant

tc(57?)=5.
return
end
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c **************** initial Levels (C 9 -26-77) **************** 
c

sut rou tinewcrin 
c

corrmon/systerr/v(10CC)*c(1 000) , tc (1000) *t1 
c
c industrial sector (million tons coal) 
c 
c coal reserves

c coal resources remaining

c initial tine weighted electrical generation caoacity
v(50)=0.0 

c
c demographic sector (number of workers) 
c 
c j"ion i n~H an operations labor

v(2Q7)=3CQ.Q 
c nonindian construction labor

v(209)=75.0 
c -.
c water sector (thousand acre-feet) 
c 
c mean instream flow

v(102)=delay3('v10l'/C.O/.tc(102)*v(103)) 
c s tor age caoacity

v(1Q5)=O.Q 
c mean instream flow reservation

v(136)=c (1 36) 
c sedirrent filled storage

v(1 65)= n .O 
c
c lan^ sector (thousand acres) 
c 
c urbanized land

v(360)=6.5 
c (indicated urban land)

v(303)=v(360) 
c ranee. land

"v(361)=9389.C 
c dry c rop I and

v(362)=1o?0.0 
c irrigated lan^

v(363)=1 «^.0 
c stripmined land

v(36A)=0.0 
c reel ama t i on I a nd

v(365)=C.O
v(366)=0.0
v(367)=Q.Q
v(368)=0.0
v(369)=0.0
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c i ndu ced badlands 
v(373)=0.0

c
ret urn 
end



c a***************ReaI Function Energy (06-2£-77)+****+******+
c
c Values of nc^o less than 50 are route^ to polynomial
c calculation. Values of ncdp greater than 50 are
c routed to the table look-up calculation
c

real function energy(ntyp/ncdp/etime) 
co»rmon/system/v(1COC)/c(1000)/tc( 1 000)/t1 
common r t i ire 
common/energy/ctifre 

c 
c
c rtime is real time* ctime is clip time* etime is energy planning 
c time* and time is a local variable.

real syn1(11)/syn2(11)/syn3(11),syn4(11) 
real ele1(11),ele2(11),ele3(11)/ele4(11) 
real exp1(11),exp2(11),exp3(11)/exp4(11)*exp5(18) 

c
data syn1/*syn1 ,5.C*1970.0,2000.0/0.C,H.0/0.0*0.0,?.5/5.0*7 

1.67
data syn27  syn2 i ,5.0/1970.0*2000.0/0.0/0.0/0.0/23.0/30.3/37. 

17,45.07
data syn37'syn3'/5.0/1970.0/2000.0/0.0/0.0/0.0/61.0/67.8/74. 

16/81.47
data syn4/« S yn4 ,5.C,1970.0,2000.0/0.0/0.0/0.0/61.0/7«.7*96. 

13*114.07
data ele17«ele1'/5.C/1970.0/2000.0/0.S/1.2/3.P/3.8/3.8/3.3/3 

1 .87
data ele?/'ele2 ( ,5.0/1970.0/2000.0*0.8/1.2*3.P,5.4/c.6/13.9, 

118.17
data ele37'ele3'*5.C*1970.0*?000.0*?.**1.?,9.4*9.4,11.3*^3.1 

1*15.07
data ele47«ele4 l ,5.0,1070.0,2001?.0,0.8,1.?,0.4,11.0,15.2,19. 

15/23.77
data exol/ f exp1«*5.0/1970.0/2000.0/6.1/19.6/41.1,41. 4/41. 4*4 

1 1 .4*41 .47
data exp?7 'exp2'/5.0/1970.0/2000.0*6.1/19.6/41.4/49.0/55.3/6 

11.7*68.07
data exp3/'exo3'/5. 0/19 70. 0,20-°0. 0/6.1/19. 6/41. 4/49.3/8S. 5/1 
128.0/167.57
data exo4/»exD4',5.C,1970.0,20Cn.n,6.1,19.6,41.4,»*9.0,145.7, 

1202.3/259.07
data exp«?7*exp5'/1.0/1970.0/19^3.0/3.5/7.0/10. 5/14.0/17.5/21.O/ 
124.0/27.0/28.0/29.0/61.0/61.0/96.0/96.07 

c
c if ctiire > 197Q then scenarios are clipped after rtime > ctime 
c to scenario value at ctime. 
c

tiire = etime
ifCctirre.gt.1970.0.and. rtime.gt.ctime) time=amin1 (etime,ctime) 

c
if(ncdp.gt.50) go to 1000 

c
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c polynomial calculations --------------
c

e = C.G
goto(100*200,3QO)*ntyp 

c synthetic fuel
100 goto(110,120,130,140,150,160)/ncdn 
110 a=.727161

b=.851666
cc=-3.54?72e-2
d=5.19651e-4
goto 4000 

120 a=1.26895
b = .314412
cc=4.86387e-2
d=-1,17682e-3
goto 4000 

130 a=3.39082
b=-1.62899
cc = .32283
d=-6.00905e-3
goto 4000 

140 a=6.24355
b = 1 .49346
cc=0.328828
d=-1.870H9e-2
e=3.04421e-4
goto 400H 

150 goto 160 
160 a=6.04196

b=1.63108
cc=0.324294
d=-2.0P2*4e-2
e=4.29213e-4
goto 400 n

c electric generation
200 goto(210,220,?30,240,25C,?6C),ncdo 
210 a=.397743

b=.307076
cc=-4.89236e-3
d = O.C
goto 4000 

220 a=.129894
b=.561536
cc=-.040Q81
d=9.70258e-4
goto 4000 

230 a=.622447
b = . 25313-4
cc=-2.11733e-2
d=6.42339e-4
goto 4000 

240 3=1.57729
b = 9.31602
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cc=-0.617522
d=1.76564e-2
e=-1,80021e-4
qotO 403"1 

250 a=3.50975
b=5.98806
cc=0.167302
d=-1.924?9 e -2
e=3.661?5e-4
goto 4000 

260 if (tine.It.1980.12)goto 250
a=-78.7665
b=3.28419
cc=1.5848
d=-5.796?3e-2
e=7.960C9e-4
goto 4000 

c expo rt
300 90to(310,320,330,340/350,360),ncdo 
310 a = C.O

b = O.C
cc=0.0
d = O.D
goto 40CO 

320 a=-9.30001
b=1.12333
cc=-1.93334e-2
d = 0.0
goto 4000 

330 a=-2.371*?
b=.574696
cc=-8.7?558e-3
d = C.O
got o 40^n 

340 a=C.O
b = 0.0
cc=0.0
d = 0.0
e = C.O
goto 4000 

350 a=-2C1.346
b=28.3359
cc=-0.934234
d = 1 ,U103e-2
e = O.C
goto 4000 

360 a=-35.9533
b = 3.31451
cc = 0.882511
d=-2.04806e-2
e = O.C
goto 4000
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c ---------- table look-up calculation ---------
c
1000 continue
c
c

r, ew = ncdp-50
go to (1 200/1 300/11 OO/ntyp 

c synthetic fuel
1100 go to (1110/1120,1130/11^0,1150,1160),new 
1110 energy=tIu(syn1/time)

ret urn 
1120 energy = tIu (syn2*time)

return 
1130 energy=tIu(syn3/time)

ret urn 
1140 energy=tIu(synA f time)

return 
1150 energy=0.0

ret urn 
1160 energy=0.0

return
c electric generation
1200 go to (1210,1220/1230,1240,1250/1?60)/new 
1210 energy = tIu(ele1 *time)

return 
1220 enercy = tlu (e I e2 / time)

return 
1230 energy=tlu(eIe3/time)

return 
12AO energy=tIu(eleA/time)

return 
1250 energy=?.S

return 
1?60 energy=0.3

if(time.ge.1975.0) energy=4.3
if(time.qe.1980.0) energy=10.8
return 

c export
1300 go to (1 "MO,1320/1330/1340,1350,1 ̂ 6Q)/new 
1310 energy=tIu(expl/time)

return 
1320 energy=tIu(exp2*time)

return 
1330 energy = tlu (exp3/time)

ret urn 
1340 energy=tIu(exp4/time)

return 
1350 energy = tIu (exo5/time)

return 
1360 energy=tIu(exp5/time)

return 
c 
c
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4000 t = tirre-197C.O  
if < t.gt.30.0)goto 500C
y=a+b*t+cc*t*t+d*t*t*t+e*t*t*t*t 

6000 if(ncdo.qe.4.an-J.ncdo.le.6)y = C.1
energy = c(6)*10.0*afr,ax1 (y*0. 0)
return 

5000 1 1 = a + b* 30. C + c c *900.0 + d* 2 7000. G + e
-M=b+cc*60.0+d*270C. 0*e*108 000
y=t t^dd* (t-30.0)
goto 6000 ,
end

10000

c *************+**R ea I Function Totcol (04-C8-76)********** 
c

real function totcol (ncdo/etime)
totcoi.=energy(1,ncdp/etirr»p)+energv(2*ncdD/etime) 

1+energy(?/nc."Jp/etime)
return
end
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c ********** Table Look Up (real function tlu* 9-? 5-7 5 )****+*++*+
c
c tlu(t*x) should be in the forrr t lu ( * name ' * t ( 2 ) * t (3) * t ( 4) *
c t(5)*...*x) where t(2) is the abscissa interval between
c successive Hata points* t(3) and t(4) are the lower and
c upper ranees of the abscissa* and t(5)*... are the
c ordinate values starting at t(?). x is the input variable
c for which the value of tlu is desired.
c

real function tlu(t*x)
rea lx*t(1)*a
common /t/ tnam(35)*tmxx(35)*ttim(35)*tcnt(35)
cotr mon time
if <x-t(3)) 15*10*20 

10 tlu=t(5)
return

15 write(6*16) x*t(1)
16 formate* x='*e10.A*' below ranqe of table **a^)

pau se 'tlu 1
re t urn

20 if(x-t(0) 55*50*25 
25 do AC i=1*?5

if (tnam(i 5 ) 35*30*35 
30 tnamC i )=t ( 1 )

tmxxCi )=x
ttim(i)=time
tent ( i )=1
got o 50 

35 if(td) .eg. tnam(i)) goto A5
40 con t i nue

wri te (6*41 )
41 forrr.atC 1 capacity of tlu error tables exceeded 1 )

pau se 'tlu 1
poto 50 

45 tent ( i )=t cnt ( i ) +1
if(x ,gt. trrxx(i)) tmxx(i) = x 

50 i = (t(0-t(3))/tC2) + 1.0e-?
i=i-1
goto 60

55 i=(x-t (3) ) /t (2) 
60 a = i*M2) + t (3)

ret urn
end
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c ************ Subroutine Graph (06-C7-77) ************
c
c It scales the variables and plots them. It is a modified
c version of a routine written by Patrick C. Doherty of the
c Computer Center Division
c

subroutine graph
coirmon/graph/put(10)/max(10)*min(10)*flo(10)*fup(10)/opsym(10)/ 

1 i i ( 10 ) /nput
common /t/ t na* ( 35) stmxx (35 > * t t i m (35 ) « tent (35)
implicit rea I ( i *m)
integer i * i plot » i t emp * i i *opsym
character*24 string
double precision time
real put/max*rrin,lolim(10)*uolim(10)
integer pline(61)
real a t em ( 5 )
wri t e ( 6 , 9 9 )
wri te(21,99)
opsyfr(2)="1"
oosym(3)="2"
opsy«n(A)="3"
opsyrr.(5)="4"
opsym(6)="5"

98 format (1 x,5i A/)
99 formate///)

wri te (6,08) ii(1),ii(2),ii(?),ii(O,ii (5)
write(21*98) iid)/ii(2)/ii(3)/ii(A)/ii(5)
call clock, (time)
call date_time_ (time^string)
write(6^1?2) string
wr i t e ( 21 *1 22 ) string 

12? format (3x,a?4/) 
800 format (1 x , 2a4, 2x ,2a 4 )

do 120 i =2*nou t
i f (mi n ( i ) . gt .0.0) min(i)=0.0
i f ( f up(i ) . eq.0.0) goto 101
maxCi ) = f up ( i )

101 if CfloCi ). eq.0.0) go to 102 
rrin(i)=flo(i)

102 a=(max (i )-min(i ) )/4.0 
if(a.le.O.O) a=1.0 
c=alog10(a) 
b = a i n t ( c )
if(b.qt.c) b=b-1.0 
a=1 .C+aint(a*10.C**(-b)) 
c = a
if (c.gt.?.0) a=5.0 
i f ( c. gt. 5 .0) a = 1 0.0 
i f (mi n ( i ) . ge .0.0) goto 103 
c=a*1 O.C**b 
d=aint(abs(max(i))/c) 
e = aint(abs(min(i ))/c)
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i f(f.gt.2.0) a
103 a=a*10.0**b 
c

3=0
if(min(i ) ) 104,1 10,106

104 if(j*a.le.min(i) ) goto 110"
j = j-1 
goto 104 

106 if(j*a.gt.min(i ) ) goto 10?
3 S J+1 
aoto 106

108 j=j-1 
110 con ti nue

do 112 k = 1,5
atem(k)=j*a 

112 j=j+1
lolirr(i)=atem(1)
urlim(i)=atern ( 5 )
write(6,114) oosym (i),atem
write(21,114 ) OPSym(i),atem 

114 format(1x,a1,?x,*»8.2,4(7x,e8.2)) 
120 conti nue 
130 do 200 iolot * 1,10

read (2Q,end=205) (put(i),i=1,nput) 
 if (iplot .eq. 1) go to 150
do 14C i=1,61 

140 plineCi ) = " "
p lined) = "."
pline(16) = "."
pline<31) - M ."
pline(46) = "."
pline (61) = "."
co to 160

150 do 155 i=1,61 
155 pline(i) = "." 
160 c ont i nue

i temp = out(1) + 1 .Qe-2
do 170 i = 2,nout
l=60.C*(put(i)-lolifr(i))/(uplim (i)-lolim(i))
if (I .gt. 60) 1=60 

170 pline(l+1) = oosym(i)
if (iplot .ea. 1) go to 190
write(6,130) (piine (i ),i = 1,61)
write(21,180) (pIine(i),i=1,61) 

180 format(1x,6x,61a1 )
go to 200 

190 yrite(6,195) i teirp, (p I i ne ( i ) , i =1 ,61)
write(21,195) it?fro,(pline(i),i=1,61) 

195 format(1x,i5,1x,61a1) 
200 continue

go to 130 
205 con t i nue

72



pud

anu i JUOD

0406 (O'O 't)d" (i
op

i mdj 3

01 oo



c *************** Subroutine Indie (10-14-77) ***************
c
c initializes dictionary -for delay functions
c

sub rou tine i ndi c
co(nmon/sm/ansfn(35)^ars»r(35)^alsm(35)
coirmon/dl1/andl1(35),aldl1(35)
cofpmon/dl3/andl3C35),al1dl3(35),al2dl3(35),al 3d 13(35),ar1dl3(35), 

1ar2dl3(35),ar3dl3(35)
corrmon/de3/ande3(35),al1de3 (35),al?de3(35),al3de3(35),ar1de3(35), 

1ar2de3(35),ar3de3(35)
do 10 i=1,35
ansm(i)=T.O
andll (i) = O.C
andl3(i)=O.C
ande3 (i)=0.0 

10 con ti nue
return
end

c *******************Subroutine Output (05-02-77)****************

c
c sets output variables for plotting
c uses system command read^list^Spro^ot
c requires link >sss>read_Iist_ prompt
c use n=C for prompting* n=9 for repeat
c other values of n can be preset
c use n = 99 to s t op
c

subroutine output (ii) 
c

integer i i (10) 
c

call prompt("n: "/n)
i f(n.eq.99) stop
if(n.eq.9) return 

c
call prompt("ii(1): "/ii(1),"ii(2): " , ii(?),"ii( 7 ): ",ii(3), 

V' i i (4 ) : " , i i ( L ) ,    i i ( 5 ) : " f i i ( 5 ) ) 
c

return
end
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/* ******* Procedures wcrcat and prbcat ******* */ 
/* */

wercat:prbe at: proc (v* c* tc* switch, ncdp* flo* fuo* tstop* ctime); 
del (v (1000)* c (1000)* tc (1000)* flo (10)* fup (10)* tstop* ctime) float; 
del (switch (100)* ncdp) fixed;
del (in1* in?) fixed* (string* subl* sub?) char (1?) var; 
del (name* conversion) cond;

on name (sysin) go to error; 
on conversion begin;

put skip list ("error*try again"); 
go to ente r! 

end;
del (sysin* sysprint* file?1) file; 
del a char (A) ;

put file (file?1) edit (" 01A")(a); 
put skip file (file?1); 
put skip file (file?1);

eater: put skip list ("ENTER show*set*OR run.")/' 
get list (a);
if a = "show" then go to show; 
if a = "set " then go to set; 
ifa="run"thengotorun; 
co to enter;

show: put skip list ("show:"); 
get list (string);
if string = ";" then co to enter;
if string = "ncdp" then put list (strinc* "="* ncdp); 
if string = "ncdp" then go to show;
if string = "tstop" then put list (string* " = "* tstop)/" 
if string = "ctime" then put list (string* "=", ctime); 
if string = "ctime" then co to show; 
if string = "tstop" then go to show; 
in1 = index (string* "("); 
in? = index (string* ")"); 
if in1*in? = 0 then go to error?; 
subl = substr (string* 1* in1-1); 
sub? = substr (string* in1+1* in?-in1-1); 
if subl = "v" then do/'

put list (string* "="* v (sub?)); 
oc to show; 

end/" 

if subl = "c" then do/'
put list (string* "="* c (sub?)); 
go to show; 

end; 
if subl = "tc" then do;

put list (string* " = "* tc (sub?))/' 
go to show; 

end; 
if subl = "switch" then do;

put list (string* "=", switch (sub?)); 
gotoshow; 

end;

75



,'UZ*m> dm 01 is ;nd 
; (dpDu> e;ep (L2d1i-^) sl^ ^M5 ind :unj

;i as o j 06 
jo jno do)S)H) isii di>|S ^nd :£jojja

/ J dJUS OJ OO

;d L )|S jnd 

/£jojjd o; 06 udq;

: JQJj a 
06 

d i >|s ;nd : g JQJ j*

oj 06

^ t
,'pua 

o j 06

.'op



c *************Rea I Function Delay3 (02-27-76)*************
c
c third order exponential material (conservative) delay
c

real function deIay3(qn^g^deI*qI)
coirmon/dt /dt
Corr,mon/^e3/ar,(35),al1(35),al2(35),al3(35),ar1(35),ar2(35),ar3(35)
do 10 i=1,35
if(an(i).eq.C.O)goto 20
if(an(i) eq.qn)goto 30 

10 cont i nue
wri te(6*15) 

15 formatC// 1 dictionary capacity exceeded in function delay3')
pause * d e I a y 3 '
ql=q*del
deIay3=q
return 

20 an(i)=qn
ar1(i)=q
ar2(i)=q
a r3(i)=q
all (i)=q*del/3
al2(i)=q*del/3
al3(i)=q*del/3
del ay3 = q
ql=q*deI
return 

30 ar1(i)=3.0*al1(i)/del
ar2(i )=3.0*al2(i )/-Jel
ar3(i)=3.0*al3(i >/del
all(i)=al1(i)+dt*(q-ar1(i))
al2(i)=al2(i)+dt*(ar1(i)-ar2(i))
al3(i)=al3(i)*dt*(ar2(i)-ar3(i»
del ay3 = ar3 (i )
ql = al1 (i)+al2(i)*al3(i )
return
end
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c ************ Real Function Dlinfl (?-31-77) ************

c
c first order exo-onential information delay
c

real function dIinf1(xnsx*t)
common/dt/dt
common/dl1/an(35)#al(35)
do 10 1*1,35
if(an(i). PQ. 0.0)goto 20
if(an(i).eq.xn)goto 30 

10 cont i nue
wri te(6,15) 

15 formate//' dictionary caoacity exceeded in function dlinfl')
pause 'dli nf1 '
dlinf1=x
return 

20 an(i)=xn
al(i)=x
dlinf1=x
ret urn 

30 al(i)=al(i)+dt*(x-al(i))/t
dli nf1 = al<i )
ret urn
end
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c *********************ReaI Function Smooth***********************
c
c first order exponential information delay
c

real function smooth(xn*x/t)
common/dt/dt
comuon/sm/an(35)/ar(35)/al(35)
tt = t
do 10 i=1,35
if(an(i),eq.0.0)goto 20
if(an(i).eq.xn)goto 30 

10 continue
wri te(6/15) 

15 format(//' dictionary capacity exceeded in function smooth 1 )
pause * smooth'
smoot h = x
return 

20 an(i)=xn
ar(i)=x
al(i)=x*tt
smoot h = x
return 

30 al(i)=al(i)*dt*(x-ar(i))
ar(i)=al(i)/tt
smoothsar(i)
ret urn
end
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8 we r.ec
g
& This is a series of muItics commands which are invoked
& by typing "ec wcr". If the model user wants to
& store simulation runs in a file (segment natied record)
8 which can be renamed* saved* printed* etc. then type
8 "ec wcr record".
I
8command_Iine off
8i f Cexists fi le fileZOD
8then delete file20
io attach file?0 vfile. fileZO
8if Ceoual 81. record.]
8then &qcto record
Seise Sgoto no.record
Slabel record
io attach file?1 vfile_ record -appe-nd
we re rd
close_f ile -all
8qui t
& I abeI no.record
io attach fite21 vfile_ discard
we rc rd
c lose_f ile -all
8if Cexists file discard] 8then delete discard
8qui t

The last two pages contain an example of 
one of the models simulation runs.
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